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APPLIED SCIENCE IN THE PROVINCIAL 
UNIVERSITIES OF FRANCE 


By Professor E. M. CHAMOT 


; the academic vear 1924—25 it France of professors 0 


the writer's rare privilege to repre applied science. His mission, in add 

as fourth exchangt protessor, the to lecturing at the Frene] Iniversities to 
arge universities of the eastern which he was assigned by the Office Na 

ed States' that are in exchange with  tionale des Ecoles et Uni 


caises, Was to meet 


’ i, Cornell, Harvard, Massachusetts 
te of Technology, Johns Hopkins, Penn quainted with his cdlleag 


Yale, and to obtan 
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UNIVERSITY OF STRASBOURG, INSTITUT! * CHEMISTRY 
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ONE OF THE OLDEST STREETS IN STRASBOURG WITH ITS ANCIENT TIMBER 
HOUSES 
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ONE OF THE PICTURESQUE LITTLE SQUARES IN OLD STRASBOURG 


possible that might be of benefit to 
American students contemplating a so- 
journ in France either for study or re- 
search. 

When, therefore, it was suggested by 
the editors of THe Screntiric MONTHLY 
that a summary of the writer’s impres- 
sions relative to technical education in 
France would probably prove of interest 
to the readers of the magazine, the op- 
portunity was gladly weleomed of bring- 
ing before American students the char- 
acter of facilities for study in the uni- 
versities of our sister republic and espe- 
cially the opportunities for research in 
chemistry. 


In order to comprehend the e 


tional system of France it must b 


membered that we have to deal wit 


t} 


remarkably centralized system wit! 


headquarters in Paris, and furthe: 
politically, educationally, and on 

most tempted to say commer 
France may be regarded as divided 
two parts, Paris and the Provinces 
the ‘‘Provinees’’ is meant all that 
of France lying outside of Paris a1 
suburbs. We have thus in commo! 


the terms: the ‘‘university and se! 


of Paris’’ and the ‘* provincial Si 
and universities.’’ If we take the 
of some of the citizens of the rep 
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UNIVERSITY OF NANCY, FACULTY 
NEW SCHOOL OF METALLURGY AND MINING OCCUPIES 1 
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UNIVERSITY OF NANCY, INSTITUTE OF 


SCHOOL OF BREWING IS SITUATED WITHIN THE COl 


MECHANIC ARTS STANDS JUST 
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NANCY, PORTE DE LA CRAFFE 
ONE OF THE MOST PICTURESQUE OF THE SFVEN CITY ‘‘GATES.’’ THIS FINE EXAMP 
FIED GATEWAY INTO A CITY DATES FROM THE FARLY PART OF THE FIFTEENTH < 


TECHNICAL SCHOOLS OF THE UNIVERSITY ARE SITUATED NEAR THIS OLD 


living in the ** Provinces’’—we are apt The official terms ‘*‘ En Provine 
to say to ourselves ‘‘France is inhabited ‘‘Les Universités Provincialles 
by Parisians and Frenchmen.’’ It must never of course applied in any dis 
be admitted that there still exists at least ing sense, vet nevertheless, by tradit 
a very little of the old snobbish attitude Paris and things Parisian are still aj 
of superiority on the part of the Paris- be placed upon a pedestal just a t 

ian, an attitude which the ‘‘provincial’’ higher than people and things ‘*en 

resents. More than once in talking over’ inee.’’ And our American tourists 
things political and otherwise with they say that they are going to F) 


shout 


chance acquaintances made in my travels Almost never! What they 
in Franee I have been stopped with the house-tops is ‘‘Oh! we're @g 
‘*Attendez—you heard that in Paris, Paris!’’ Even our science studet 
n’est ce pas—Eh bien! How long is it templating study in France rare!) 


} 
) 


_ 


going to take you to realize that whoever and consider whether they would 1m 
told you such things is a Parisian—with _ better in their chosen field in one « 
provincial universities. Tradition w 


a cosmopohtan point of view?’’ 
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idgment It is the ai t the nternational 
to try and make clear the l ona provinces 
aracter of the developments in 
ed instruction in the provincial 
sities which render them preem 
ach one in certain branches ot ap 
science 
lition has been responsibl 
atural drift to Paris of t] 
Franee, and Paris has ever he Nn 
watch to eall Oo her halls men 
vere distinguishing themselves in 
er universities and institutions fo1 
er education A call to the Univer upon 
y of Paris meant the culminating § diene 
hievement ot a man’s eareer. He **had 
as the saying goes in France 
lis abilities had been recognized and his would take 
rk erowned with honor It will be there seems 
ited that the writer has used the ex grant great 
ression ‘‘it had come about.’’ for to the various 
lay somewhat different conditions ob might be safe 


fain. One finds great men otf seience ol have insisted upon 
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NANCY, LE HEMICYCLE DU GOUVERNEMEN 


ONE OF THI R rIVE SQUARES FOR HicH N 
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MONUMENT TO THE 


THIS IS ONE OF THE MOST PLEASING OF THI 


MEMORY OF 
MANY 


PASTEUR AT LILLE 
MEMORIALS TO THIS GREA1 


FRANCE. 


ister their own affairs. This is especially 


true in the faculties or departments of 


applied seience. That they do not have 
the full freedom 
growth and development is seen in the 
splitting off of small groups and the es- 
tablishment of specialized technical insti- 
tutes with independent budgets and 
councils. These institutes, while still 
nominally under the wings of the facul- 
ties of science or medicine, are neverthe- 
less free from direct university control 
and are free from any interference by 
the educational authorities at Paris. 
They are generally self-supporting. 
Governmental interference in 
tions involving traditional 
precedents is apt to be strenuously re- 


necessary tor 


ques- 


their 


rights or 


sented and stoutly opposed, an 
ever may be the interpretation 
upon the clash between students a 
ministry over the appointment 
professor of international law 
University of Paris last spring 
political or otherwise, the result w 
vindicating of the authority o! 
ulties and the establishment o 
autonomy upon a firmer foundati 
ever before. 

The universities of France are | 
most part venerable institutions 
records of achievements of whic! 
are justly proud. They hav 
through many centuries as pion 
the search for truth and the diss 
tion of knowledge and have en) 
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AN INSTITUTION DEVOTED TO GRADUATE WORK IN 
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RENNES 


NARROW STREETS IN THE VERY OLD SEC’ 





POITIERS 


AS SEEN FROM THE BANKS OF THI 
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UNIVERSITY 


THE N 


WING OF THE BUILDING SHOWN |! 


rut 


IN THE FOREGROUND IS THE MUDDY 


freedom of which 
vaunt. 
through adverse 


conditions and yet can show an unbroken 


academic 
well 


have struggled 


degree of 


they may Some 


of them 


most 


record of degrees or certificates granted 
since they were first established. 

With the exception of the University 
of Bologna, the University of Paris 
eredited with being the oldest in Europe. 

There are 


IS 


in 
France, each taking its name from the 
city in which it is located. In the order 
of their founding they are as follows: 


sixteen universities 


Paris 1140 oy 
Montpellier 


iv 


1170. 
118] 


> 
Reorganiz 


ilouse 12 
enoble—13: 

x- Marseille 1409 
Established 142 


1691. 


\ 
R 


a) 


2 

=) 

» 
’ 


sancon 
; 


to Besancon 
1431. 
1437. 


in 
itiers 
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Bordeaux 
Strasbourg 
17 
Clermont 


Lille 


Lyon 


1441 


ytry 
oo 


Dijon 23 
Ferrand 


LS0OS 


TStS 
LSOS 
LSOS, 


54 


> 
Re nnes 


Naney 


1s 


The writer can the 


they are given as 


not vouch for ac 


curacy of these dates; 
the most probable that he has been abl 
to find. 

It is probably 
the 


not strictly eorrect to 
use ‘founded’’ in the 
that we apply it to our American unive) 


sities : 


term 


SCTING 


more prope rly they came Into 


heing as recogn! ed centers of learning 
forming about one or more ‘* Masters”” « 
‘*Doeters”’ 


whose fame drew TO them 


selves a group ol enthusiastic followers 
These 


developed into the institutions of 


or students. eenters eventua 


learn 


A 
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had to do with the applications 





ence to industry and to daily 
engineering, industrial chemist 
culture, ete. should be taught 
rate institutions, that is, 
schools. The one exception was mi 
which has always been a w 
study. Thus the necessity for the 
ing of engineers and chemieca 
was met by the creation ot 
schools wholly independ nt ol 
versities. The development of su 


partments or colleges under the ¢ 








UNIVERSITY OF POITIERS 
FACULTY OF SCIENCE, 


ing as we know them to-day, thus—like 
Topsy—they were not born, they just 
crew. 

Until comparatively recently it had 
been the established idea in France that 
all the energies of the university in 





teaching and research should be devoted 
to pure science, so called. All that which 








UNIVERSITY OF LYON 
INSTITUTE OF CHEMISTRY. rHe 
SCHOOL OF TANNERY AND LEATHER 





HOUSED WITHIN THIS 





of the universities as we have 

the United States was considered 

thodox, impractical and ine xpediel 
In time, however, some of th 


to ! 


seeing men of France came 
broader view, and also began to Tralst 
debate the questions: ‘‘ What const 








UNIVERSITY OF POITIERS 
FACULTY OF LETTERS. THE BUILDING AT THE 
RIGHT IS THE LIBRARY, WHICH IS RICH IN VERY 


pure science ?’’ and ‘* When does s 


cease to be pure and become so co 


OLD BOOKS AND MANUSCRIPTS. cialized as to be proscribed so 
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UNIVERSITY OF LYON, FACULTY 
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LYON, LE PONT 


ONE OF THE MANY HANDSOMI 


teaching in a university is concerned ?’’ 
These men of broad vision through their 
ability and tireless energy have built up 
within the faculties of science technical 
and specialized departments and 
‘*schools’’ which are being carried far 
beyond anything which we have yet de- 
veloped in the United States. This 
movement may be considered to have ob- 
tained its incentive in Pasteur and to 
have been continued through the untir- 
ing efforts of the late Albin Haller, of 
lamented memory. 

Since the great war there has been a 
renaissanee of technieal edueation in 
France and we sometimes read a state- 
ment that this interest in the teaching of 
applied science is the direct result of the 
war. That this is not wholly true ean 
be readily disproved if we take the 


trouble to look up the dates of the estab- 
lishment of technical and specialized 





L’UNIVERSITE 


BRIDGES ACROSS THE RHONE RIVER. 


courses in the different universit 


France. Take, for example, the | 


sity of Nancy. Here we find that 
following were organized under t! 
ministration and supervision of the | 


ulty of Science: 


Institut chimique Institute of Chen 
1891. 

Ecole de Brasserie (School of Brew 

Institut d’Electrochimie Inst. of 


chemistry) 1897. 


Institut Electrotechnique Instit 
trical Engineering) 1900. 

Institut Agricole (Agricultural |] 
1901. 

Institut Colonia] (Colonial Institut 

Institut de Laiterie (Dairy Institut: 

Institut de Mécanique Appliquée 
of Mechanical Engineering) 1906. 

Institut de Géologie Appliquée Inst 
Applied Geology 1910. 

Ecole Supérieure de la Métallurg 
l’Industrie des Mines (School of Met 
and Mining) 1919. 

Station de recherches hydrauliques 
ment Station for Hydraulic Research 


I 
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he writer has selected Nancy not only being remodeled to meet the demand 
ause this university has been a pio more space to accommodate the increas 
r in the field of modern technical edu- ing number of students in science and 
ion in France but mainly because he provide new courses better suited to ou! 
nore familiar with it and its develop- modern needs; and he ean not fail to b 
it, since he there passed happy impressed with the admirable manner it 
nths in study and research many which these things are being accon 

years ago. plished. Here we have indisputable e 
it will be noted that this faculty of dence that France is rapidly recove: 

science has consistently followed, during from the effects of the wat 

the last thirty-three years, a policy of Side by side with this genera 


great expansion in the teaching of ap- ment of the teaching of applied 


plied science. What is true at Nancy is’ we find an even more interesting 

true at the other universities where the tional movement, that which th 

expansion has proceeded equally far and call regional instruction or region: 

in some instances even farther. It is ob-  cialization 

vious that the teaching of applied sei If the reader will consult the si 

ence under the roofs oy the universities map of France here reproduced, he w 

antedates the war. see that the sixteen universities ar 
He who to-day visits the universities most svmmetrically distributed throug! 

of France will find everywhere new lab- out the country and are so located geo 


oratories being erected or old buildings graphically as to permit regional ir 
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MONTPELLIER 
AN UNIQUE METHOD OF IMPROVING A DANGEROUS CORNER FOR 
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UNIVERSITY OF GRENOBLE, FACULTIES OF LETTERS AND OF SCIEN: 


fr 








UNIVERSITY OF MONTPELLIER, COURT OF THE INSTITUTE OF CHEMIS 


A TYPICAL UNIVERSITY COURTYARD. MOST OF THESE COURTYARDS ARE LAID OUT IN ¢ 


LITTLE GARDENS. 
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struction and specialization to be deve 
oped to a very high degree of efficiency 


For example, in the neighborhood o 


¢ ; 


Lille are the great plains of Flanders 
with their ancient flax eulture and thei 
coal mines: near Bordeaux and Montpe 

her are the acres of vinevards; at Mar 
seille we find ourselves in the midst o 
the olive region and the center of the oil 
and soap industries, while just to the 
east of Marseille lie the flower farms and 
the perfume industries therewith con 


nected Lyon, Clermont-Ferrand and 








MONTPELLIER 
->ARTS OF FRA? t ENCE OF 
HODS AND ¢ ) F AD . Rom} 
PERSIST; WIT) rH NE AQUEDUCT 


BRINGS MoMANY MILES “THE 














NIVERSITY OF MONTPELLIER 


PAC Of 


Rennes are important geological centers 


So one might vo on taking each Unive! 


sity center in turn and pointing out how 


; ‘ 


in eertamn respects, heeause of its partic 
ular situation, each one is able to offer 
something unique in the way of specia 
ized edueation, for France is a countTr 


of vers diversified and ocalized 





SOUTCEeS, 
UNIVERSITY OF MONTPELLIER Sinee regional instruction is becoming 
THE COLLEGE OF MEDICINE IS HOUSED IN THI of such great Importance It Is necessar 
detail 


This phase ol technical education Cal 


OLD ARCHBISHOPS’ PALACE WHICH ADJOINS 
CATHEDRAL. ° HURCH PORTAL WITH 
ITS TWIN ROUND TOWERS IS UNIQUE AND ONI 
OF THE MOST CURIOUS IN FRANCE. be best made clear by viving several ex 


to explain more i 





THE SCLENTIFIC MONTHLY 





‘= —y- 
ft ee ae 
# . * ee > 


THE LARGE CHEMISTRY AMPHITHEATER, UNIVERSITY OF MARSI 











A TYPICAL FRENCH UNIVERSITY LABORATORY 














great pine forests and the indus 
which exploit them, for the manu 


acture of turpentine, pine oil, 






rosin and 





the many substances derived from these 





matt rials. Hard by this region 1s Bor 
deaux: What is more natural than that 
we should find in the University ot Bor- 







deaux a very flourishing Institut du Pin, 
which concerns itself with research upon 






nine tree products of all sorts. especially 





the development and improvement of 





manufacturing processes, the utilization 





of all by-products and the discovery ot 





new compounds. But it must not be 
thought by the reader that the practical 
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s. In the scuthwest of France are 
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FRANCE 


Bordeaux is equally true of all the othe: 


regional 


amples of regional instruction may b 
mentioned the school of brewing, t! 


school ot met 


allureyv and mining and t! 
Institute of Applied Geology at Naney 
while at Marseille we find exe ptions 
facilities offered for the study of pet 
fumes, fats, oils and SOaPSs ; Mont pe he? 
situated at the edge of the great win 
region of France, offers instruction 

viniculture and vinifieation under exc 


tionally favorable conditions becauss 


the great cooperative wine presses nea! 


by. These COO PK rative wine presses ana 


cellars are a new Institution in Frane 














MARSEILLE, 











side is over-emphasized. This is far from 
being the ease, for the Institut du Pin is 
engaged upon the investigation of a very 
intricate class of compounds, the ter- 
penes. When last year it was the writ- 
ers privilege to visit the Institut du 
Pin, he found many investigators en- 








gaged in research upon problems of pure 
chemistry without any idea of commer 
fal applications. That which is true at 










RUE 


ONE OF THE FAMOUS STREETS OF FRANC! 





CANNEBIERE 


They appear to be efficiently managed 


and so far as the writer was able te 


/ 


certain the members of the association ; 


are satisfied and well pleased with 
results which have been accomplished 
One of these institutions has a stor 

capacity of 160.000 hectoliters of wine 


Then we have the Institut Industriel 


du Nord, at Lille, mainly for mining en 
gineers, the Institut du Petrole, at Stras 


’ 
( 





Institutions As further ex 
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UNIVERSITY OF MARSEILLE, FACULTY 
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, Y al 
OF SCIENCE i 

T 0 
ONE SIDE OF THEI UNIVERSITY QUADRANGLE, 


super! 


Marse} 





tution: 
medici 


ogical 





refrali 


marve 


——— 


Sx = tutes t 
: : didly { 

cept 1] 

slastie 


of thei 





MARSEILLE HARBOR 
A STRIKING EDIFICE IN POLYCHROME 
BYZANTINE STYLE. 


WITH THE CATHEDRAL AT THE RIGHT: SAND-STONI 
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and elaborate provision made fot 
in hydroelectric engineering and 
chemistry at Toulouse, Lyon, 
and Grenoble. 


s are interesting not only becau 


These regional in 
hey deal with industrial problems and 
ndustrial developments of a more or less 
but 
educational 


wal nature because they are ex 


of an movement o} 


mopiCS 
il} 


e highest importance, 
» counterpart in the 
rt of industrial supergraduat 


sort 


of which we have 


United States, a 


work 


These ‘‘sehools’’ and others of a non 


wal character cater to engineers who 
re already placed in the industries, who 
wish in a short pe riod to broaden their 
rest areh lol 


fitted In 


training or to carry on 


which their **plants”’ are ill 
ddition to the institutions already men 
med we find a school of paper-making 
t Grenoble, of tannery and leather mak 
g at Lyon, the Institut des Carburants 
Montpellier, the Institut 
Supérieur and the Institut 


(to which may be added spe 


Technique 
Colonial of 
Marseille 
al courses in commercial economics 
the Geophysical Institute at Strasbourg 


nd many others. 


The examples given, it will be noted, 


re all comprehended in the term engi 
eering or physical sciences. Space will 
ot permit consideration of similar insti 
interested in 
medicine, in agriculture and in the bio 
Nevertheless, I «an not 
the 


Insti 


tutions provided for those 


ogical sciences. 


least mentioning 


from at 
Pasteur and hygienic 


refrain 
marvelous 
tutes to be found all over France, splen 
lidly equipped and administered by ex 
eeptionally able, experienced and enthu 
siastie staffs who follow in the footsteps 
of their great master, Pasteur 

In every one of the large universities 
there are to be found courses in special 
fields in all the great fundamental sci 
given 


enees, 


eourses 


wo! d-wide celebrity who devote practi 


by scientists ot 


FRANCE 


cally their entire 


research in the special 


they have attained I ‘tion 
adm equipped, the 


laborato1 ies are 


material for study and research remarl 
ably extensive and complete; in thes 


points they al t} whol super 


our own, but 


they lack funds 


; 


pansion, for 


propel 
for repairs and 
‘earry on’ i 
our Americ: 
or the bota 


stations In 
and Py renees 


cal stations on hot] 


should I ft 
applied 


nor 
eourses in 
horticultural wiz: 

Dan e] 
Burbat 


experim 


, » | 
ol Ri nnes, | roressol 


may well be calle 


France, whos remarkabl: 


on budding and graft ng bid rto 
a whole new propagat 
plants 

rane 
the home of 
nation of cheerful 
gal people, a eountryv o pieturesaue 
wonderfully diversified scenery and 
markablv well-preserved 
For the 


see and enjov outside the 


aneient s 
tures student there is mucl 
cloistered 
of the universities 

W here ean 
pleasing mountain views a 
in the Vosges, the 
or the Alps? In 
find a ¢ 
Michel, a Maison Ca an 
or even a qualn 
And where will he 


the traveler 

nd vi 

Pyrenees, the 

what other country can 

‘areassonne, a Mont St 

Aigue-Mort: 
like 


find 


one 


Brouage ? 


thing more beautiful or more glori 


or more inspiring than the sun! 
wondrous 


) 


those 


streaming through 


ecient windows of Chartres 





SCIENTIFIC WORK OF THE MAUD 
EXPEDITION, 1922-1925 


By H. U. SVERDRUP 


THE SCIENT 


Captain) RoaLpD AMUNDSEN’s | ship 
Maud lett Norway in July, 1918, with 
the intention of following the Siberian 
coast to the vicinity of the New Siberian 
Islands, penetrating into the drift-ice, 
and, if possible, being carried across the 
Aretie Sea to the vicinity of Spitz- 
bergen. However, on account of un 
favorable ice conditions, it Was heces- 
sary for the expedition to winter three 
times on the Siberian coast and, in 1921, 
to go to Seattle for repairs and replen 
ishment of provisions. 

The Maud left Seattle again on June 
3, 1922, in order to resume her task in 
the Aretic. The main object was, as 
previously, to make scientific observa 
tions of interest in various branches of 
geophysics. 

We could not expect to contribute to 
the geographical knowledge of the Are 
tie region, because it was improbable 
that the drift should earry us across the 
great unknown area within the Arctic 
Sea. To Captain Amundsen, however, 
the exploration of this unknown area 
had always been a fascinating task. 
Therefore, after having organized and 
equipped the Drift Expedition in the 
best way possible, he resolved to leave 
the ship and try to fly aeross the Arctic 
Sea. Accordingly, he left us at Point 
Hope, Alaska, and went with a trading 
schooner to Point Barrow. 

I shall not here enter upon his first 
unsuccessful attempts, nor dwell upon 
his and Mr. Ellsworth’s marvelous 

1 Address delivered December 1, 1925, at the 
Carnegie Institution of Washington, Washing- 


ton, D. C 
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achievement during the 
Captain Amundsen and 
have not vet reached the 


ever, the are, as you know, pl 


flight with a  dirigible 


past 
Mr. E 
Ir of 
} 


airsh 


Spitzbergen to Alaska during t 


mer of 1926. 

Captain Amundsen left 
1922, and the Maud heads 
west under the comman 


us on -} 


“| tow 
d Ol 


Oscar Wisting. We met the ic 
but su 


distanee from Point Hope 
in penetrating to Herald 


we were closed in by the 


Islar 


ice oO} 


8, 1922. For one year we di 


wards the west-northwes 


course, depending mainly 


1 In 


upon t 


and were, at the beginning ot 


ber, 1923, in latitude 76° 1 
east of De Long Islands 
drift on the northern 


7’ nort 
Wi 


sick 


islands and perhaps cross to 


bergen along a route more 1 


than the one taken by the 
the famous drift of Dr. N 


ansen, 


~ 


. Fram « 
] ~ 


~ 


1896. However, continuous nort 


winds earried us 100 mile 
The winter of 1923-1924 


stot 


( 


Was 8S] 


latitude 75° north, to the southw: 
hy 


De Long Islands. At the 
ary, 1924, Captain Wisti 


wireless message from Ca 


end oO} 


ng rec 


ptain 


Al 


sen asking him to get out of the 


possible, and return to Nome in 


mer of 1924. In the spring and s 


we were again carried 


towart 


northwest. The ice opened, 


August 9 we could mo 


ve una 


ship’s own power after having 


Howe' 


helplessly for two vears 


} 
| 
i 


S 
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not Nom 
1 but were stopped by the ice at th 
had to Stay 10) 


reached Nome 


reach in the summer 0 
Islands, where we 
months. We finally 
\ugust 1925 
When leaving Point Hope, our party 
including a na 


Oo» 


men, 
Sibe rian 
We lost one ol 


inflammation ot 


sisted of eight 
the 


d as eabin-boy 


boy trom coast who 


oul 


rades from the 
iin in July, 1923, 
and buried his body in sailor fashion 


between. the 


alter one vear In the 


In a space 
the 
no human 


lowering it 
During 


floes. remaining two 
beings outside 
March, 

halt 


at 


S we Saw 


small before 


own party 


visited by 
settlement 


our 
1925, 
the Kolyma River. 

During the drift and later we did not 
un 


when we wer 


Russians from the 


through any geographically 
We carried an airplane, 


hoped 


DASS 
known region 
we 


Curtiss Oriole, with which 


to extend the geographical exploration 
to both sides of cur route. The starting 
nd landing conditions on the ice were, 
owever, very unfavorable Two sue 
cessful trial-flights were made in spite 

the difficulties, but during the third 
flight the motor missed fire at the take- 


ff, the pilot had to land on rough ice, 
ind the beyond 


repair, 
Our zigzag 


plane was damaged 


route was determined by 


requent astronomic observations, 
erally two or three a week. In winter 

was often a chilly amusement to take 
these observations and the observer had 
to dress up for the occasion, but in sum- 
mer it was delightful because the tem- 
perature then was around the freezing- 
The 
were generally taken on the ice, but the 
They 


point. astronomie observations 


instruments were never left there. 


were always carried on board after the 


observations. beeause the ice might at 
any time break up and the instruments 
vht be damaged or lost. 
The observations, 


~ourTse, had to be taken the 


astronomie 


from very 


of 


EXPEDITION 


elements were 


; 


vations had to bye 


a distance from the 


ing influence of magnetic 


masses on board eliminated 


r ) ne nonh-mag 


Va rd was ta 
The fl 


any 


rst obs rvat were take? 


out othe 


against the 
hummock mig! 


surroundings 
built 


thy 


an 1e¢ house 
‘erystal pal: 
Was equipped w 
non-magnetic stove 


l 


The 


brought temperature up 

10 Th 
other observations were taken in 
1922 
instruments were le 
ay 


Fahrenheit magnet 


house during the first winter, 

Th 
to the expedit by the 
| Maenetism « 
f Washington, whie 


them 


magnetic 


DD 


partment 


lon 
Terrestria 
Institution o 


paid Sp cial a 


able 
improvement w: 
had to b 


ttention to mak« 
Arctic. 
that all 
touched by 
celluloid ea 


temperat 


use In the 


tor 
is 
which 
eovered with ps 


metal is touched at 


were 
ures 


low 


a eold finger, the result is frequent} 
finger, but 


handled wi 
The 
could not 
and tl 


white, frozen spot on the 


eelluloid caps cou d be 


ereat inconvenience magi 


needles. howevel hye pro 


eelluloid 


handled 


with protection, 
to be 

Tl e\ often left a wl 
when the observer returned to a 
room, turned black eaused 
ache’’ in the fi All ot 

blackened fingertips in the winte1 
** did not 


with uneovered 


ite line whie 


and 
us 


nee? 


Our ‘‘erystal palace sur 
the Arctic summer: it 
had to take 


Thi 
the 


and in summer we 
te nt 


vations in a s observing 
used during entire wint 


i924 


was 


1923 beeause a new ‘crystal 


192°5 


if the Carneg 


; 
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which had been built in October, 


disappeared when the ice broke to 


ace,”’ 
1923 
pieces around the ship at the end of the 
surroundings 
Our 


and because our 


were constantly changing. 


month, 
later 
tent undertook several independent ex- 
peditions as the ice broke between the 
ship and the tent and the parts on both 
sides of the crack were displaced in rela- 
On one occasion we 
The ice 


and the 


tion to each other 
thought the tent was lost. broke 
tent 


sight be- 


on Thursday afternoon, 


rapidly disappeared out of 


tween hummocks and_ pressure-ridges. 


Searching were out looking for 
it on Friday and Saturday, but without 
SUCCESS. Mr. Hansen, the 
mate, and | took a walk, following a lane 


with 


parties 
On Sunday 


which recently had been covered 


young ice on which walking was easy. 
We thought we were going in the oppo- 
site direction to the one in which the 
tent was supposed to be, but about two 
miles from the ship we saw human 
tracks on an old ice-floe and an inspee 
tion soon revealed that we had encoun- 
tered an old acquaintance, which previ- 
ously had been loeated close to the ship. 
the tent stand- 


down 


Looking around, we saw 
ing there unharmed; we took it 
and earried it the ship in 
triumph. 

Continuous records of the magnetic 
elements could not be obtained on the 
drift-ice beeanse the ice-fields were al- 
ways moving, turning twisting, 
making a permanent orientation impos- 
sible. The were different 
during the winter of 1924-1925, when 
we were frozen in close to the coast on 
There we used a large 


back to 


and 
eonditions 
motionless ice. 


tent for ordinary magnetic observations 
and installed an instrument for photo- 


graphie registration of the declination 
in a light-tight ease within the smaller 


tent previously used. 

I shall not enter upon the results of 
our magnetie observations during the 
drift, but wish to mention the character 
of the diurnal variation of the magnetic 
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declination as recorded during th: 
ter of 1924-1925. 
feature is the small range of the d 


The most remar! 


variation in the middle of th 
and the rapid inerease of this ra 
the spring. It is to be hoped that 
records, combined with previous rv 
may furnish sufficient data for t 
plication of corrections for diurna 
ation to the declinations observed 
near the Siberian coast. 

The records may also be ot 
the study of magnetic storms. T 
a close relation between the occu 
of magnetic storms and the occun 
We always 
We used t 


up for two hours each, and the w 


of the aurora borealis. 
to keep night-watches 
instructed to make fre 


man was 


notes regarding the form, amount 


intensity of the aurora. We suce 
in taking several pictures of bi 
displays, using cameras develope: 
Protessor Stormer, of Oslo 

The atmospheric-electric observat 
in the winter of 1922-1923, whic 
confined to observations of the pot 


eradient, were also taken in the 
house. 

In 1922 the Department of Terrest 
Magnetism had drawn our 
to the 
variation of 


Sea. (one ot The 


espec 
value of observati 
the oTrad 


tention 
the diurnal 
Arctic 
results of the 


over the 
interesting 
electric work 
Carnegue during 1915 to 1921 was 
universal 


atmosp! 
earried out on board 
follows 
the 
simultaneously ov 
task w 


variation 
the 
reached 


this 


over oceans, maximum 


being 
the oceans. Our special 
for the 1 


Polar S« 


ascertain whether this law 
tion valid over the 
well. 

During the first 
variation of the potential gradient 
followed by eye-observations thi 
twenty-four hours, but we found that 
naturally would save time and m 


ally increase the amount of data 


was 


winter the d 
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i record the gradient continuously 


erefore, asked our aviator, Mr 
|. who is a genius as an instrument 
mer and maker, to construct a re 
ing electrometer. The instrument 
did not present any difficulties, but 
electrostatic 
Amber is 
rally used for insulation, but we had 


The difficulty was 


arose when a pertect 


nsulation was to be insured 


supply of ambe1 
ly overcome by my sacrificing a pet 
ectly good amber pipe-stem. 
Our recording electrometer was placed 
deck and be 


n unheated room on 


me, therefore, Irost on 
did 


influence the efficiency of the instru 


COVE red Ww ith 


e outside, but this circumstance 


ent. The records gave, however, only 
elative values of the gradient. In order 
to reduce them to absolute values, simul 
earried 


neous eve-observations were 


it from time to time on smooth ice at 
sufficient distance from the ship. As 
matter of precaution in case a polar 
ear should be too curious, the observer 
vas always armed when he had to go 
distance from the ship. I may 
that 


disturbed. 


some 


mention the observers were never 

We were unable to secure any observa- 
tions during the summer because a satis 
factory insulation could not be main 
tained on account of the dampness of the 
ur. Our records are, therefore, limited 
to the cold months, October to April 
When 


records for this season are in excellent 


referred to universal time, the 
with the results obtained on 
These 
by the lower curve in Figure 1, 
upper 
liminary results during the three win- 
from the Polar 
Sea thus confirm the tmportant conelu- 


agreement 


tne Carnegie. are represented 
while the 
three eurves represent our pre 


ters. Our observatiens 


sion regarding the universal character of 
the diurnal the potential 
gradient drawn observations 
carried out on during 


variation of 
from the 
the 


cruises over all oceans. 


Carne gue 


EXPEDITION 
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CUREPH ICH MEAN Time Je} 














ne vreates Value 


curs at 18" Greenwich mean 


Is approximately the time when tli 


is in the meridian of the magnetic 


Tl IS taeTt li dicate sf 


of the eart] 


relationship hetween the magnet 


electric fic lds ot the 


acter of this re 


explained 


; 


Mets orolovica] obse rvations were 


regularly six times daily during 


three vears, and tor the entire period 


eontinuous records ol the baromet} 


pressure, the temperature and humidit 


of the air, the velocity 


direction and 


the wind and the duration ot sunsni 


are available (dur mete orologieal seree] 
was placed on t} e root covering the ce c} 


; 


measuring ( 


amount of precipitation was placed on 


while a snow-gaug ior 


the ice, Special studies of the humidity 
of the air at low temperatures and of the 
were carried out by 


Malmgren 
Dahl, 


frost 
scientist, Mr 
assisted by Mr 


formation of 
the 
who devised and, 


assistant 
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constructed a special instrument for re- 
cording the Special 


studies of the daily variation of the tem- 


frost-formation. 


perature of the air were also carried out, 
but I can not enter upon a discussion of 
the results of these investigations nor of 
the results of the ven ral meteorological 
Instead, | turn to 
our upper-air observations. 

The direction and velocity of the wind 


observations. shall 


aloft was determined by means of pilot 
balloons, 5dD2 of 
These wind observations indirectly give 
interesting regarding the 
average temperature-distribution at great 
altitudes. In Figure 2 wind- 
velocities in the free atmosphere are rep- 


which were released. 


information 
average 


resented by three curves, (1) represent- 
ing the velocities over the North-Atlantie 
middle 


the 


region, (2 over 


part of 


trade-wind 


Europe, and (3) over the 
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WIND-VELOCITY AS A FUNCTION 
oF ALTITUDE. 


AVERAGI 


Aretie which we have traversed. I wish 
to draw your attention to the 
maximum which the last two curves show 
at great altitudes. This maximum is 
known to occur at an important bound- 
ary surface of the atmosphere, which has 
ealled the ‘‘eeiling of the tropo- 


wind- 


been 
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the 
the 


sphere.’’ Below maximum 


the called 


temperature decreases with altitu: 


region troposp! 


above the maximum, within th: 
sphere, it remains constant. Thess 
show that the ceiling of the trom 
above the North-Atlantie trade-w 
higher than 12 kilometers; in fa 
found at an altitude of 16 kilo 
In the southern part of this count: 
corresponding altitude is 12.5 kilor 
in the northern 11 kilometers, in 
Europe 10.5 kilometers, 
part ot the Arctic we have trav 
Our 


and ov 
is only 8.5 kilometers. results 
firm the conclusion that the dista: 
the ceiling of the troposphy re ae 
towards the Pole 
Direct observations of the 

ture of the 
the lowest part of the atmosphe: 


free air are availabl 


means 
recording lifted by 
The instruments were tested in th 
oratory of the Maud from time to t 
The kite-reel for 
hauling in the kites was placed o1 
The wire could be guided in any d: 
direction, depending upon the dire 


have been obtained by 
instruments 


big letting out 


of the wind, by means of a special 
lev mounted on the ice a short dist 
from the ship. The first pulley was 
ened permanently to the ice but w 

during an ice-pressure. We, ther 
mounted the second pulley on a sk 
which could be taken on board 
The 
used, were loaned to the expedit 

the United States Weather B 
They were built sturdily, but wer 


notice. kites, which were 


ject to hard usage on account of t! 
They, therefore. 
be repaired frequently, both in 
So little was left 


eult conditions. 


and in summer. 
original kites after three years that 
had to be entered as lost. 

The most interesting result fro! 
kite-aseents is, 
the temperature of the air prac 
always is lower close to the 1c 


perhaps, that 
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hundred meters above The 1e¢ The encountered ovel 


temperatures derived from SIXT) dently tha 


ts made during the drift in the a a’ 
st months. November to March, are le (iver ft 
esented in Figure 3. The full curve version, form 
sents the conditions during the kite- — nuity whie 
ts, that is. when the average wind The wind 
‘ity at the ice was about eleven miles ions confil 
our. The temperature decreases observed 
altitude in the first 136 meters, but small, und 
ases higher up, first very rapidly great resista 
more slowly The mean tem but above 
ice Is — 28.4° Centigrade, warmer air 
an altitude of 1,000 meters It 1s |; ver, strong 
3 (‘entigrade. The dashed The temper: 
scribed Was 
independent 


wind wa 


Polat sen 

cold air wi 
isolated from tl 
Such conditions ; 


sea, which, 


plane 


can @XIst over a \ 





wind is blowing, but 
a mountainous continent because 
would soon be broken up on account 
the differences in elevation 

Since the cover of cold ain 

irve represents the corresponding tem from the free atmosphere above 
erature-distribution in calm weather. temperature of this cover must 
This last curve may be called normal be- to a great extent, upon 

ause it is of a familiar type. Even in f the ice-surface w 

s latitude the lowest temperatures are tact Particularly, the lowest 

ind close to the ground on clear and tures of the air must correspond elo 
n days in winter beeause the air is the lowest temperatures of the 
led from below by contact with the lace During the six winters 

ice, which loses heat by radiation spent on or off the Siberian co 
en a wind arises, however, the air minimum temperature alway) 

rally becomes mixed to a econsider- close to 50 below zero, 

altitude on account of the numerous There must be some reason 

s which are formed along the _ is reached but not passed. T! 

nd, and a normal decrease of tem- seems very simple. The surface 

ture with altitude is more or less ice, which is covered by a very 
lished. The characteristic feature layer of hard snow, loses heat by radia 
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tion to space at night. The temperature’ For this purpose we used resistan 
would sink to very low values during the mometers, which were buried in t! 
long, continuous winter-night if this loss The leads were taken into the ie 
were not compensated in some way. It where the readings were mad 
is compensated. Heat is constantly con- the first winter. In summer the r 
ducted through the ice to the surface were taken on the ice without 
from the underlying sea-water, which shelter. In the spring of 1924 
has a constant temperature of 29° above’ floe in which the thermometers 
zero, Fahrenheit, the freezing pot ot buried was carried away trom 
the sea-water. The amount of heat con- and we had to start out in a b 
ducted to the surface increases when the search of it in order to obtain 
temperature of the surtace sinks, but the reading. The thermometers wers 
amount of heat lost by radiation de lost when the ice-floe upon whic 


ereases at the same time. Loss and cain. were mounted was erushed, but 
therefore, must equalize each other at a_ fore a sufficient number of obs: 
certain temperature, and when this limit had been obtained 

is reached the temperature of the surface Our knowledge of the physical 


ean not sink any further. ties of the sea-ice was mate! 


We have made extensive measure- creased by experimental studies 
ments of the heat lost by radiation and Mr. Malmgren undertook unde 
the heat conducted through the ice, and trying conditions. His results s} 
have found that loss and gain, on the the newly frozen sea-ice, which ¢ 
average, compensate each other at about a great quantity of salt, really « 

40° Fahrenheit and at about 50 of pure ice with enclosures of 
Fahrenheit under exceptional circum With any change in temperature 
stances. The conditions seem, therefore, of the brine is tranformed prima 
to be actually as simple as assumed. The pure ice, or vice versa. The exp 
minimum temperature of the air is or contraction of the ice and its sp 
reached when the surface receives as heat depend, to a great extent, uJ 
much heat from the sea as it loses by intensity of this process Th 
radiation to space. can be treated mathematieally, and t 

The instrument for measuring radia- is an excellent agreement betwe+ 
tion was loaned to the expedition by the computed and experimental results 
Smithsonian Institution, and was used In summer, when the temperatu 
extensively for determining not only the the ice approaches the melting pon 
loss of heat at night but also the amount’ enclosures of brine increase so 
of heat received from the sky and the’ that the ice becomes porous, th 
sun in the daytime. For this purpose it trickles down through, and th 
was mounted beside the instrument for part of the ice, which previous! 
recording the duraticn of sunshine and _ too salty for drinking purposes 
was made self-recording, thanks to the absolutely fresh. 
ingenuity of Mr. Dahl. The recorder Our daily soundings showed t 
was a very sensitive galvanometer. The ing the whole time of our drift 


we 


pen of the galvanometer was pressed remained on the continental s! 
down by an arm operated by an electro- depth varied for long periods 
magnet at intervals of four minutes. twenty and thirty fathoms, alt! 
Our computation of the amount of distance to the coast was three 
heat conducted through the sea-ice was miles. A hole in the ice was kept 
based on measurements of the tempera- for the soundings. Once a week v 


\ 


ture within the ice at various depths. termined the temperature at 
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S by reversing thermometers 


eted water-samples for investigation 


ie density, salinity and amount oi 


ven of the sea-water. Speed was es 
the water-samples wer 


After the 


had to be 


tlal W hen 


n in winte . watel bottle 


hauled detached 
the wire as quickly as possible and 
had to 


to prevent 


up, it 


headlong o1 
the 


observer run 


d with it eontents 
m freezing 

water-bottles were emptied in 
where samples for the vari 
taken to be 


specific gravity, for im 


ratory, 
nvestigations were eX 
ied. The 
nee, Was 
ol 


vdrometer 


determined wit! a high 
Nans¢ a 's 
and the 


the 


ore by using 


accuracy 


total immersion, 


ot 
ount ot chlorine from whiel 


could he 


determined by 


spe 
inde 
ful 
Si stematic differences amount 
the Sth 
and observed 
the 


gravity computed 


dently was care 
titration 
to five in decimal between 
densities 
of the 


Chem 


computed 
that 
water is altered by 


licate composition 


Ireezing 


of the samples we are 


light 


al analy ses 


] 


nging home throw on the 


ma\ 
aracter of these e] 
Wi 


or part ot the shelf the density ot the 


anges 


found, furthermore, that over a 
i-water remained constant to a de ptl 
where a sudden jn 
The 


Irom 


twenty fathoms, 
lighter surface 


the 


crease took place 


iter Was separated heavier 


bottom-water by a marked surface ot 


discontinuity, which is of the same im 


portance to the currents in the sea as is 


he surface of discontinuity in the an 


bove the ice to the air-currents 01 
winds 

We had no biologist on board. 
to 


the sea. 


and | 

therefore, unable any ac 
int the life We did, 
wever, collect samples ol plankton and 
the of the 
which we have preserved and are bring 


v1vVe 
ot In 


specimens from bottem sea, 
ing home for further study 
The the tidal 
mena has taken much of our time and 


investigation of phe 


MA PE DITION 


broug 1 
were reco 
Islands 


board 


Dahl 


instrumel 


and 


direetior 


means 


type VW 
major 
lowering 
obtain 


rom tiv 


; 
rents 


tidal motion of thi 


rect 
Our ma 
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conditions 
entered 
Figure 4 
currents is 
They sign 
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Tip 


direction of maximum eurrent is indi- 
cated by an arrow, and the Greenwich 
lunar time of maximum current is en- 
tered. Furthermore, the Greenwich 
lunar time of high water and the range 
of the spring-tide are entered at all sta- 
tions where data were available.  Pre- 
vious observations have been utilized 
from Point Barrow, Pitlekai and Ben 
nett Island, but all others represent re 
sults obtained during the six years the 
Vaud has spent in the Aretie. 

By means of the data entered on this 
map it is possible to draw lines showing 
the crest of the tidal wave for certain 
hours of Greenwich lunar time. The 
heavy lines show these crests, and the 
corresponding hours have been entered. 
The wave appears to reach the shelf 
from the north and seems to come di- 
rectly aeross the Polar Sea from the 
Atlantie side without meeting any ob- 
struction formed by masses of land. The 
late Professor R. A. Harris, of the 
United States Coast and Geodetie Sur- 
vey, compiled and discussed in 1911 all 
available tidal observations from the 
Aretie region. He arrived at the conelu- 
sion thatthe tidal wave within the region 
here dealt with travels practically 





iso* 


mete 
at tl 
centl 
of pl 
tion 


he 


RF v 


Bering Ses 


OBSERVATIO 


parallel to the coast, and assumed 

fore, that a great area of land or \ the | 

shallow water existed within the roug! 

known area north of Alaska and Siber The « 

His conception of the direction in w accou 

the wave proceeds seems, however, t of thi 

erroneous, as the tidal phenomena se of th 

to indicate no existence of extensive nroac 

masses between Alaska and the Pol shelf 
The lines in this map unite all obs t Av 

vations in a satisfactory way in a 

sistent picture of a progressive wav 

the picture has little in common, ind 

with the picture of a long wave, w 

proceeds under the influenee of gra\ 

tional forces only. Within sueh : 

the tidal eurrent should be alternat 

not rotating, the range of the tide sho 

be approximately constant along 

wave-crest, and the rate of prog! 

should depend only upon the dept! 

the sea. We find, however, that the 

rents are rotating clockwise withi 

whole region and are almost cireul: 

great distances from the coast, but 

are approximately alternating wher 

wave proceeds along the northern s 

of the New Siberian Islands. The 1 

of the tide varies extremely along 


+ 


wave-crest, decreasing from right t 
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when referred to an observer looking in 
the direction in which the wave pro- 
ceeds, namely, from 210 centimeters close 
to the New Siberian Islands, 105 centi- 
meters at Bennett Island, 18 centimeters 
at the middle of the shelf, and only 14 
centimeters at Point Barrow. The rate 
of progress does not show a simple rela- 
tion to the depth, but is too great where 
the currents are almost circular and is 
too small where the currents are almost 
alternating. These features, as a partly 
new theoretical investigation shows, can 
be explained as the result of the rotation 
of the earth. The forces of inertia aris- 
ing from the rotation have to be taken 
into account as well as the gravitational 
forces. 

There are still other complications. 
The tidal currents vary extremely with 
depth, according to our observations, and 
this must be due to the resistance which 
the currents meet, partly under the 
rough ice and partly along the bottom. 
The energy of the wave is dissipated on 
account of this resistance, and evidence 
of this is found in the fact that the range 
of the tide decreases when the wave ap- 
proaches the coast. At the border of the 
shelf the range is eighteen centimeters, 
at Ayon Island five centimeters and at 


Bear Islands only a little m 
three centimeters. 

To some degree it is possible to inves- 
tigate theoretically the influence of the 
resistance upon the character of the tidal 
currents and the range of the tide. The 
upper part of Figure 5 shows the hydro- 
dynamic equations, and the lower part 
shows a solution containing four com 
plex constants which must be determined 
by the boundary conditions. The for- 
mulae are not beautiful, but have proven 
invaluable as may be seen from the next 
figure. 

In the upper part of Figure 6 actu- 
ally observed tidal currents are repre- 
sented. To the left is a vertical section 
in which the component of the current 
in the supposed direction of progress of 
the wave is represented for each hour 
To the right are two horizontal sections 
in which the currents in two depths ar 
represented by central vector diagrams. 
The heavy curve in the left-hand dia- 
gram represents the density. From the 
shape of this curve one is justified to 
assume that the lack of tidal motion 
down to forty meters is due to great re- 
sistance, that the strong tidal currents 
are developed where the heavy bottom- 
water slides under the lighter surface- 
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Fic. 6.—OBSERVED TIDAL CURRENTS COMPARED 
WITH COMPUTED CURRENTS BASED ON THE 
ASSUMPTION OF EXISTENCE OF THREE 
LAYERS OF WATER OF DIFFERENT 
EDDY-VISCOSITY. 


water without meeting any resistance, 
and that the decrease of the currents 
towards the bottom is due to the resis- 
tance along the bottom. Supposing the 
water to consist of three layers, an 
upper layer of great eddy-viscosity, a 
medium layer of no viscosity and a 
bottom layer of moderate eddy-viscosity, 
the currents have been computed which 
are represented in a corresponding way 
in the lower part of the figure. The 
computed currents, according to the 
assumptions, show discontinuous tran- 
sitions from one layer to another, not 
occurring in nature, but the general 
agreement between computed and ob- 


served currents is so good that 
doubtedly the resistance within the var 
ous layers is actually responsible for th 
character of these peculiar currents 
From the theoretical currents the rat; 
with which the range of the tide 4 
creases on account of the resistance ean 
be derived. The result is in close agre 
ment with the observed decrease to whic! 
attention has been drawn. 

The theory seems to explain al! th 
outstanding features of the tidal phe. 
nomena on the north Siberian shelf and 
may, perhaps, lead to a better under. 
standing of corresponding phenomena on 
other continental shelves. 

As I have mentioned previously, wi 
reached Bering Strait in August, 1925 
At that time all of us were sailors 
My duties were, for instance, to take 
care of the navigation of the ship and oi 
the not less important cooking. Pre- 
viously all of us had taken more or less 
part in the scientific work. Our cruise 
in the Arctic finally ended when th: 
Maud was lying peacefully anchored off 
Nome three months ago. 

In conclusion, I hope that to-night | 
have been able to show you a phase of 
Arctic exploration which differs from the 
usual geographical exploration, but is 
of no smaller importance. Our knowl- 
edge of the physics of the earth is incom- 
plete so long as data from the Arctic and 
Antarctic regions are lacking. I hope 
that this expedition, which went out 
through the energetic and persistent e’- 
forts of Captain Roald Amundsen, may 
bring results which will fill a few gaps 
However, we have traversed only a smal! 
region and have left many problems un- 
solved. The field for future exploration 
is tremendous. I hope that this, which 
I may call physical exploration of th 
Arctic, will continue for a long time 
after the completion of the map of the 
Arctic region and after the discovery of 
the last island. 
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RADIO TALKS FROM THE HARVARD 
OBSERVATORY 


THE AMATEUR’S WORK IN ASTRONOMY 


By LEON CAMPBELL 
HARVARD COLLEGE OBSERVATORY 


To-nicuT I shall assume that there are 
some among the radio listeners who are 
interested not only in what amateur as- 
tronomers have done in the past, but also 
in what they themselves might be able 
to do to increase their own knowledge 
of astronomy and help to add to the 
sum total of scientific information. The 
word amateur implies one who works for 
love; and if ever one works purely for 
the love of the thing, it is in astronomy 
that he can find an inspiration. And 
at this point let me say that unless you 
have had special preparation for the 
work, astronomy should be your avoca- 
tion rather than your vocation. There 
is much that has been done in the past 
by the amateur astronomer, and I can 
assure you that still more remains to be 
done which will greatly augment our 
knowledge of the stars. 

History records many instances in 
which the amateur has made noteworthy 
contributions to astronomy, probably 
more than in any other branch of sci- 
ence. Dr. Henry Draper’s contributions 
to the study of stellar spectra may be 
cited as a remarkable example. The con- 
tinuation of his pioneer work was made 
possible at the Harvard Observatory 
through the interest and generosity of 


1 These three radio talks from the Harvard 
Observatory are taken from a series of twenty- 
two recently broadcast from station WEEI, 
Boston. The talks will be collected into an 
illustrated book, ‘‘The Universe of Stars,’’ to 
be published by the Harvard Observatory. 
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Mrs. Draper after the death of her 
husband. 

Another notable example of such 
efforts on the part of an American ama- 
teur astronomer is recalled in the case 
of the late Dr. Joel H. Metcalf, who not 
only constructed with his own hands the 
several telescopes which he used in his 
investigations, but manipulated them 
with marked success in the discovery of 
new asteroids and comets. Here was a 
real genius who, purely for the love of 
science, made lenses which were second 
to none and used them with the skill of 
a well-trained professional astronomer. 
The Harvard Observatory has several 
photographie telescopes equipped with 
Metcalf’s lenses, which are being used 
regularly for astronomical work. 

It is all too true that many an en- 
thusiast has invested his cash in a fairly 
good telescope, amused himself with 
peeps at sun, moon, planets, stars, and 
perhaps at a visiting comet, and then, 
after airing his astronomical knowledge 
to his friends, has relegated the instru- 
ment to the attic. One who has made 
such desultory observations has only 
just begun to enjoy the pleasures of the 
telescope. 

You ask, then, what one can do in the 
observational field to make a real con- 
tribution to our knowledge of the sci- 
ence. There are several fields of re- 
search open to the amateur with or with- 
out a telescope. 
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For the observer without a telescope, 
meteor observing offers a rich field of 
endeavor. When one realizes that mil- 
lions of meteors enter the earth’s atmos- 
phere daily, some of them no larger than 
grains of sand, others large enough to 
light up the heavens even in broad 
daylight—as evidenced by the daylight 
meteor of the morning of November 15, 
1925—one perceives that there is plenty 
of work to be done in observing meteors ; 
in counting them, in gauging their posi- 
tions, and in estimating their brightness, 
especially during the occurrence of 
meteor showers. 

If one watches any selected area of the 
sky on almost any clear night for, say, 
half an hour, he will doubtless be able 
to count several conspicuous meteors, 
and with little more than a passing 
knowledge of celestial topography, he 
ean plot their paths, and thus furnish 
data for determining their radiants—the 
points in the sky from which the meteors 
appear to originate. 

The American Meteor Society, under 
the direction of Professor C. P. Oliver, 
at the Leander McCormick Observatory, 
Charlottesville, Va., has gathered to- 
gether a group of meteor observers in 
this country, and new recruits to the 
ranks are constantly being secured. The 
work is easy, fascinating and productive 
of real results. 

Dr. Fisher, in his forthcoming talk on 
shooting stars, lays particular stress on 
the use of photography in securing valu- 
able data on meteors. While this sort of 
work can not be expected to supersede 
visual observations, it is obvious that 
when a meteor trail is photographed, 
much- more information can be obtained, 
owing to the fact that the photograph is 
a permanent record. 

There is still another field which is 
open to the amateur who does not possess 
a telescope. You have all heard at one 
time or another about new stars, or 
novae, as they are generally called. 
Since the time of Tycho Brahe about 


fifty new stars have been discovered, ang 
nearly a dozen of these have been firs: 
detected and later extensively observe; 
with the unaided eye. 

Tycho Brahe’s nova, which appean 
in the year 1572 in the well-known . 
stellation of Cassiopeia, became as bril. 
liant as the resplendent planet Venus a: 
her brightest, and remained visible ; 
the naked eye for many months. 
eral interesting novae have appeared ir 
the heavens during the past twenty-fi 
years, beginning with the brilliant N; 
Persei in 1901. This was followed | 
Nova Geminorum in 1912, Nova Aquila 
in 1915, and Nova Cygni in 1920. T) 
most recent instance is that of the 
star which appeared in May, 1925, in 1 
southern constellation Pictor. Unfortu- 
nately for us northerners, it was visib\ 
only in the southern hemisphere. This 
star reached the first magnitude on June 
9, and remained visible to the unaided 
eye for many months, undergoing nu- 
merous irregularities in brilliancy. 

As an instance of amateur aid to s 
ence, it is of interest to note that al! t! 
bright new stars which have appeared 
in the present century were first de- 
tected by amateurs—amateurs whose fa- 
miliarity with the brighter stars of t! 
conspicuous constellations enabled then 
to detect the presence of a strange star 
early in its spectacular career. The Rev 
T. D. Anderson, of Edinburgh, Scotland, 
is an independent discoverer of at least 
three new stars, being the origina! dis- 
coverer of Nova Aurigae, in 1892, and of 
Nova Persei, in 1901. Mr. Richard Wat- 
son, of South Africa, was not only th 
first to see the recent nova in Pictor, but 
was one of the very first to see Nova 
Aquilae on June 8, 1918. This latter 
nova was discovered independently by 
more than a score of observers, the ma- 
jority of them being amateurs. Since 
most of the novae oceur near the Milky 
Way, it might well be worth while for 
the amateur to familiarize himself with 
all the naked eye stars of the constel! 
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tions which lie along this well-known 
band of stars. 

And now for the work to which the 
proud and fortunate possessor of a tele- 
scope may devote his leisure moments. 
From earliest times comet seeking has 
proved an alluring diversion for both 
professional and amateur. Although in 
recent years many comets have been 
picked up from photographie plates in 
the hands of the professional, a large 
number have also been found by ama- 
teurs as the result of a definite search. 
The comet recently discovered in Bodtes, 
first seen by Mr. L. C. Peltier, of Del- 
phos, Ohio, an amateur observer of vari- 
able stars, was found by him several 
days before it was seen by any profes- 
sional. Mr. Peltier, in his nine years de- 
yoted to astronomical observing, has 
found three comets, although only the 
last one proved to be an original dis- 
covery. The late Mr. William R. Brooks, 
of Geneva, N. Y., was the original dis- 
coverer of at least a dozen comets in 
some twenty years of observing. 

A telescope of short focus and large 
field, with a low power eyepiece, is best 
suited to comet seeking, and if a comet 
becomes as bright as the ninth magni- 
tude it will rarely fail to be detected. 
Although the discovery of comets may 
lead to considerable publicity, with even 
an occasional comet medal for new ones, 
the work is of far less importance to as- 
tronomical science than the branch of 
observing I shall mention next—the ob- 
serving of variable stars. 

The better to explain this variable star 
work, let me tell you something about 
one of the most enthusiastic bands of 
amateur observers that can be found in 
this ecountry—the society known as the 
American Association of Variable Star 
Observers, and called for short the 
“AAVSO.’”’ It is composed mainly of 
amateurs, and its chief purpose is to se- 
cure those observations that will be of 
the greatest value to the professional as- 
tronomer. During fourteen years of 


persistent endeavor on the part of nearly 
three hundred observers, the association 
has accumulated over two hundred thou- 
sand visual observations. 

With active observers in all walks of 
life, from the surgeon who uses an eight- 
inch reflecting telescope of his own make, 
and the farmer’s son who operates a six- 
inch refractor loaned him by a sympa- 
thetic observatory, to the busy house- 
wife who carries out her small glass each 
clear night to study the stars, the per- 
sonnel of the society is truly represen- 
tative and widely varied. 

With numerous telescopes at their dis- 
posal, ranging in size from less than 
three inches to more than twenty inches 
in aperture, observers follow systemati- 
cally the regular and irregular varia- 
tions in the light of nearly five hundred 
stars. Not only are observations made 
regularly by members situated in nearly 
every section of the United States, but a 
chain of observers now encircles the 
globe, with contributors from Europe, 
South Africa, Australia, India and 
Japan. So completely is this work now 
carried on that professional astronomers 
rely almost entirely on the results of 
these amateur observers for the funda- 
mental data necessary to a better knowl- 
edge of the causes underlying the varia- 
tions. 

Many of the stars which are being so 
carefully observed by the ‘‘AAVSO’’ 
are the so-called long period variables, 
about which Miss Cannon speaks in her 
chapter on variable stars. Their varia- 
tions are usually gradual, and they oc- 
cupy several months in passing from 
maximum to minimum magnitude. A 
star may be of naked-eye brilliance to- 
night, and four or five months hence we 
may require the aid of a moderately 
large telescope in order to see it. 

A notable example of such a star is 
Mira Ceti, the ‘‘ Wonderful,’’ in the eon- 
stellation of Cetus, the Whale. It is 
now (December, 1925) near maximum 
brightness, and clearly visible to the un- 
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aided eye. This was the first variable 
star ever discovered, and for over three 
hundred years its light variations have 
been closely watched by succeeding gen- 
erations of astronomers, professional as 
well as amateur. About every eleven 
months it reaches maximum brilliancy, 
being sometimes as bright as the Pole 
star, at other times not much brighter 
than the fourth magnitude. It is readily 
recognized when bright, by its reddish 
color, and the recent observations by 
amateurs indicate that its last rise from 
minimum to maximum occupied about 
two months, the rate of increase at one 
time exceeding a magnitude in ten days. 

Not only are the several hundred long 
period variables well looked after by the 
amateur observers, but their working 
lists contain some very peculiar ‘‘irregu- 
lar’’ variables, made the more interest- 
ing by the fact that we never know ex- 
actly what they will do next. Numerous 


examples could be cited, but I shall pick 
out only a few typical cases to give you 
an idea of the whims and vagaries which 


they present. Take the case of SS 
Cygni—a variable star discovered at 
Harvard in 1891 in the constellation 
Cygnus, the Swan. Here we have a 
fairly faint star, usually about the 
twelfth magnitude, which at intervals all 
the way from twenty to ninety days sud- 
denly brightens up nearly a hundred- 
fold, almost reaching the eighth magni- 
tude. The time of the star’s rise to 
maximum is unpredictable, and also the 
speed with which it increases in light in- 
tensity is variable. To-night it may be 
barely visible in a four-inch telescope, 
and to-morrow night it may be at full 
brightness, so brilliant, in fact, that it 
stands out as the brightest star in the 
field of view in the telescope. At other 
times the star may have started on its 
increase, and instead of accomplishing it 
in a night or two, it may consume a week 
or more in attaining its maximum. Is 
it any wonder that scores of amateurs 
vie with one another to be the first to 


eatch SS Cygni on its rise to maximum} 
There are several other stars which pos. 
sess this fitful type of variation, but Ss 
Cygni has proved the most popular with 
observers. 

An example of still another type , 
variable, that has greatly interested the 
members of the ‘‘ AAVSO,”’’ is SU Tauri. 
a faint star which lies in the constella. 
tion of the Bull. This star, discovered : 
be variable at Harvard about twenty; 
years ago, presents features quite dis. 
tinct from those found in SS Cygni 
SU Tauri we have a star which for a 
long time remains at normal maxin 
brightness, about magnitude 9.5, 
then without warning suddenly dimin- 
ishes to nearly a hundredth part of its 
original intensity, becoming so faint, in- 
deed, that only those observers with th: 
more powerful telescopes can see it. A 
little over a year ago the star passed 
through one of its spasmodic drops to 
minimum, after having remained bright 
for seven years. In fact it changed so 
little in those seven years that some of 
the observers wondered if they had not 
been observing the wrong star, becaus: 
in the field of such faint stars a wrong 
identification is easily possible. At the 
present time (December, 1925) the star 
is again on the wane, the Harvard Ub- 
servatory having been first notified to 
this effect by an amateur in Ohio. 

I could describe at greater length t! 
vagaries of numerous irregular var'- 
ables, but enough has been said to indi- 
eate some of the thrills to be expected 
when one has become an experienced 
variable star observer. The work is not 
difficult. It requires considerable perse- 
verance and patience, and a readiness 
in identifying stellar configurations, 
whether in the sky or the telescope. Thi e 
‘*‘AAVSO”’ supplies its members wit 
charts, instructions and report blanks, 
and if you are interested, I suggest that 
you write to the Harvard Observatory, 
or to the Secretary of the Association, 
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Wm. Tyler Olcott, 62 Church Street, 
Norwich, Connecticut. 

All the observations made by members 
of this Association of Variable Star Ob- 
servers are communicated monthly to 
the Harvard Observatory, where they 
are plotted and indexed, and later dis- 
eussed in considerable detail. The ori- 
ginal observations are published regu- 
larly in Popular Astronomy. The 
amount of data so far compiled by mem- 
bers of the association, if bound together 
in one volume, would fill over a thousand 
pages—a notable contribution to astro- 
nomical science by amateurs. The 
‘““AAVSO”’ is one of the largest of such 
organizations. There are similar asso- 
ciations in England, France, Russia and 
elsewhere. 


Now that I have attempted to tell you 
what you can do to increase your own 
interest in the stars, the rest remains 
with you. For over a quarter of a cen- 
tury Harvard Observatory has aimed to 
instill into the mind of the serious ama- 
teur a desire to produce results that are 
of value to astronomy. It has become 
the center for such information in this 
country, and even foreign astronomical 
associations are constantly seeking its 
aid, and in turn contributing their own 
observations for discussion. A closer re- 
lation between amateur and professional 
will doubtless tend towards a more wide- 
spread interest in astronomy, and both 
astronomer and amateur will benefit by 
the contact and cooperation. 


CLUSTERS AND NEBULAE 


By Professor SOLON I. BAILEY 
HARVARD COLLEGE OBSERVATORY 


Five or six thousand stars are visible 
in the whole sky to the average eye. 
Only a few of them, however, are at all 
conspicuous, and although they are 
found seattered over the entire heavens, 
their distribution is by no means uni- 
form. Stars have a gregarious tendency. 
As mankind is grouped into families, 
and many families make up a nation, so 
the stars in many cases are grouped into 
clusters, and these aggregations, to- 
gether with numbers of individual stars, 
make up our sidereal systems. 

As an example of the numerous ir- 
reguiar clusters, we may take the well- 
known group of fairly bright stars 
called the Pleiades. Six stars can be 
seen easily with the naked eye, a seventh 
star is discerned without much difficulty, 
and ten or twelve stars can be detected 
by an exceptionally good eye under 
favorable conditions. 

Near the Arequipa branch of the Har- 
vard Observatory in Peru, a partially 


extinct voleano, El] Misti, rises nineteen 
thousand feet above sea-level. The posi- 
tion of the mountain is to the northeast 
of the observatory, and precisely at such 
an angle that the Pleiades when rising 
seem to be resting on the summit of the 
voleano. In the hazy light they appear 
to the startled vision as a flaming torch, 
and might be mistaken at first glance for 
an eruption of the voleano. 

In ancient times this cluster was uni- 
versally regarded as a group of seven 
stars. The seventh and faintest was per- 
haps brighter at that time than it is now, 
and much romance and poetry have been 
associated with the so-called lost Pleiad. 
The number seven has long been looked 
upon as a perfect number, and perhaps 
this may account in part for the extra- 
ordinary regard in which the cluster has 
been held in all ages. The stars of the 
group have been worshipped by various 
peoples of antiquity, and splendid tem- 
ples have been erected in their honor. 
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Oleott has collected a large number of 
traditions in regard to the Pleiades. 
Thousands of years ago the Chinese wor- 
shipped them as the Seven Sisters of In- 
dustry, and at the present time they are 
often referred to as the Seven Sisters. 

Many other names have been given to 
the Pleiades. In Greek mythology they 
were the daughters of Atlas, and the 
seventh daughter made herself invisible 
from shame, having had a mortal lover, 
while all her sisters had divine lovers. 
Another myth explains the cluster as an 
act of the gods. According to this story 
the Pleiades were the maiden compan- 
ions of Diana, and were pursued by 
Orion. In answer to their prayer for 
aid, they were changed into a flock of 
doves and placed among the stars. By 
others of less imagination than the 
Greeks, the Pleiades were regarded as a 
hen and her chickens. 

In many countries the rising and set- 
ting of the Pleiades have been used for 


marking such events as plowing and 
planting, and their influence has been 


considered favorable to rainfall. The 
literature of all ages contains reference 
to this cluster. We read in Job, ‘‘Canst 
thou bind the sweet influences of Pleia- 
des?’’, perhaps referring to the power 
they were supposed to have in making 
the change from winter’s cold to the joys 
of spring. 

With the invention of the telescope, 
the number of stars recognized in the 
Pleiades cluster was greatly increased. 
The number that can be photographed 
with a large telescope is several thou- 
sands, but the great majority of them 
are faint and do not belong to the clus- 
ter. It is, however, a somewhat surpris- 
ing fact that the number of such faint 
stars is actually less in the region than 
in the area immediately surrounding it. 
This is perhaps due to the fact that a 
faintly luminous nebulosity pervades 
the cluster and cuts off some of the light 
of the stars that are situated beyond it. 


THE SCIENTIFIC MONTHLY 


The Pleiades are not merely the a 
dental projection on the sky of a num! 
of unrelated stars, but they form a 
family group, the different members 
which have similar characteristics, and 
common motion in space. The real num. 
ber of stars in the cluster is only a i 
hundreds, while many thousands wh 
appear to be in the same region lie far 
beyond. 

Many irregular clusters are found 
different parts of the sky, nearly al 
or near the plane of the Milky Way. | 
fact the Milky Way is largely made y 
of such clusters. Some clusters are not 
apparent to the eye as such, but 
found to be real groups from their com. 
mon characteristics and motions. If ou 
sun were a member of such a group, t 
might not be apparent to an observer or 
the earth. The sun is so near that it a) 
pears to us as a unique world, the kir 
of all celestial luminaries. It is difficu 
to appreciate the fact that it is merely 
one of the stars. 

A star has been defined as ‘‘a hug 
mass of matter held together by its own 
gravitation, kept from collapsing by : 
very high internal temperature, and en 
gaged in the business of generating heat 
in its interior.’’ Many stars occur as 
single individuals, like our sun. A ver) 
large number of double stars is als 
found. A celestial birth results in twins 
in about one third of all cases known 
A few triple and quadruple stars also oc- 
eur. Apparently stars are formed i 
nature’s laboratories from an origina! 
gaseous mass, which may remain sing 
or develop into two, or rare!y into se\ 
eral stars. 

No reference is made in these remar! 
to planets like our earth. Our sun as 4 
star is single, but it has many planet 
revolving about it. Whether other sta! 
have planets we do not know, but | 
more than probable that among the | 
lions of stars which exist in our stellar 
system alone, at least a few are accom 
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panied by planets, although we may 
never be able to see them. If the solar 
nlanets have been caused by the close ap- 
proach to our sun of another star, caus- 
ing a disruption of the sun’s mass, it is 
evident that, given time enough, other 
such approaches of one star to another 
are inevitable. 

No relation appears to exist between 
double stars and clusters; that is, the 
cluster is by no means a further develop- 
ment of double and multiple stars. A 
eluster, even a small one, represents a 
grouping of a considerable number of 
individuals, which may be single or 
double. The number of stars in a clus- 
ter may be few, or it may be many 
thousands. Many of the open clusters, 
which have been observed and cata- 
logued, are simply dense aggregations of 
the stars which make up the Milky Way. 

There is, however, a different type 
known as the Globular Cluster. These 
clusters have the form of a globe, but 
nevertheless they often display a de- 
cided tendency to ellipticity. About one 
hundred such clusters have been found, 
and the number now appears to be about 
complete. It is doubtful whether an in- 
crease in the power of telescopes will 
reveal many new globular clusters. Some 
of these clusters are visible to the naked 
eye as rather faint and hazy stars. 

One of the most interesting of globular 
systems is the great cluster in Hercules, 
which appears to the unaided eye as a 
single hazy star of about the sixth mag- 
nitude. Seen in the telescope this object 
takes on the appearance of a brilliant 
ball, made up of countless points of 
light, each one a star. The stars appear 
to be closely packed together and ex- 
tremely condensed at the center. Al- 
though in reality they do form a distinct, 
dense system of related stars, the ap- 
parent extreme proximity of the indi- 
viduals to each other is due in part to 
the vast distance of the cluster. Shapley 
has determined the distance of this clus- 
ter from the earth as about thirty-five 


thousand light years. So that if we could 
be placed on some imaginary planet 
circling around one of the central stars 
of the system, that particular star would 
be seen as our sun, and all the others as 
stars, many indeed of great brilliancy 
The appearance of the sky would be 
very different from that with which we 
are familiar. 

The globular cluster in Hereules con 
tains at least thirty-five thousand stars 
which can be photographed to-day, and 
it is probable that the real number is not 
much less than a million; other globular 
clusters are equally vast, and many are 
far more distant. 

A very interesting feature of the glob- 
ular clusters is the presence in some of 
them of a large number of variable stars 
These stars are variables of the Cepheid 
type, and are remarkable for the uni- 
formity of their periods, their ranges of 
variation, and their brightness. Owing 
to the great distance of these clusters, 
the apparent magnitude of the variables, 
which are among the brightest stars in 
the clusters, is very faint, so that a large 
telescope is necessary for visual observa- 
tions. They are best studied on photo- 
graphs, since the eye is easily tired by 
the dazzling light of such a multitude of 
close stars, when they are viewed in the 
telescope. 

Messier 3, a faint but wonderful glob- 
ular cluster in the northern constellation 
Canes Venatici, gives a good example of 
such stars, for one in seven among the 
brightest stars of the cluster is variable. 
At maximum the light is somewhat 
fainter than the fourteenth magnitude, 
and at minimum it is fainter than the 
sixteenth magnitude. The whole period 
of variation from one light-maximum to 
the next is about thirteen hours, and, in 
many cases, the changes appear to go on 
with perfect regularity through many 
thousands of oscillations. The stars 
might be called nature’s celestial time 
keepers, and would serve, if needed, as 
admirable watches. If a photograph of 
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this cluster had been buried with King 
Tut Ankh Amen, it might be made to 
reveal, from a study of these variable 
stars, the exact epoch when the photo- 
graph was made. 

The Cepheids have been used by Shap- 
ley as one means of determining the dis- 
tance of the globular clusters and indi- 
rectly the size of the stellar system. If 
we accept his conclusions, these clusters, 
although vast and semi-independent, are 
found to be, in general, within the con- 
fines of the galactic system and in close 
relation to it at the present time. 

So far we have been speaking only of 
stars. There is, however, a very differ- 
ent class of celestial objects known as 
nebulae. These are of many kinds, but 
in most eases, if not in all, they are so 
vast that even the largest star shrinks 
almost to a point in comparison. They 


have been divided into the galactic and 
non-galactic nebulae, that is, those which 


occur in the Milky Way, and those which 
show a distinct avoidance of the Milky 
Way. Under the first division we have 
the more or less luminous material such 
as is seen in the well-known Orion 
Nebula. This nebula is shown by the 
spectroscope to be of a gaseous nature. 
In the early days of the telescope, 
many objects which had appeared nebu- 
lous to the naked eye, or in a small tele- 
scope, were later shown to be really clus- 
ters of stars. It was natural, therefore, 
to assume that all nebulae could be re- 
solved into stars, provided a sufficiently 
large telescope were used. It was at this 
time that the Harvard Observatory ob- 
tained the fifteen-inch refractor, then 
the most effective telescope in use. One 
of the early astronomers of the observa- 
tory, in testing the resolving power of 
the new telescope, was convinced that he 
had partially resolved the Orion Nebula 
into stars and announced his observa- 
tion. We now know by the spectroscope 
that this and many other nebulae are 
from their very nature not resolvable. 
It will be remembered that the diam- 
eter of that star we call the sun is con- 
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siderably less than a million miles, and 
that the diameter of even the greatest 
star known is not more than a few hun. 
dred millions of miles. The diameter 
such nebulous objects as that in Orion 
is so vast that it can not be expressed 
conveniently in miles. This nebula is at 
a distance from us of perhaps six 0 
seven hundred light years, and the diam- 
eter of the brightest central part is five 
or six light years, or from thirty to forty 
millions of millions of miles. The faint- 
est extensions of the nebula are several 
times as great. Many other bright nebu- 
lae of great size are found along the 
Milky Way. 

In addition to these irregular lumin- 
ous nebulae, there are also found in the 
Milky Way extensive areas which are 
filled with faintly luminous or entirely 
dark obscuring clouds. There are also 
the so-called planetary nebulae. 

Of the non-galactic nebulae several 
varieties are known, which occur in great 
numbers. The real nature of many of 
these nebulae is still a mystery. The 
spectroscope shows that, for the most 
part, they are not gaseous. 

The spiral type of non-galactic nebu- 
lae is of great interest. They are not 
nebulae except in name, since it has 
been shown recently that many of them 
are composed chiefly of stars. Perhaps 
the most striking example of these ob- 
jects is the great spiral in Andromeda, 
which is faintly visible to the naked ey: 
On photographs with long exposure, 
made with great telescopes, it stands re- 
vealed as a marvelous stellar system. 
Recent studies indicate that this system 
is a so-called independent universe, at a 
distance of about a million light years, 
and hence far beyond the limits of our 
galactic system or local universe. Its 
longest diameter must therefore be many 
thousands of light years. It is a vaster 
stellar system than our own was believed 
to be by astronomers of a preceding gen- 
eration, though now we know our own 
system much exceeds it in size. Many 
of the nebulous aggregations in t! 
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spiral have been resolved into stars by 
the 100-inch telescope on Mount Wilson. 
Doubtless it also contains many real 
nebulae, such as abound in our own 
galactic system. Thousands of spiral 
nebulae exist in the sky, and many of 
them must be at even greater distances 
than the great spiral in Andromeda. 

In addition to the spirals, other nebu- 
lous objects are found in the non-galactic 
sky. Many are globular or elliptical in 
form, and appear, even in the greatest 
telescopes, to be structureless. They are 
too difficult for interpretation at the 
present time. It should be noted, how- 
ever, that if the statements so far pre- 
sented in regard to the non-galactic 
nebulae are correct, there is no obvious 


explanation of the fact that they appear 
to avoid so persistently the plane of the 
Galaxy. It is possible that they do not 
really avoid this plane, but that, though 
present, they are concealed from our 
view by the dark obscuring clouds to 
which reference has already been made. 

We see, therefore, that the universe 
is composed of a great number of semi- 
independent systems of stars and nebu- 
lae, of which our own galactic system is 
only one, though perhaps the most im- 
portant. We are speaking, of course, of 
the visible universe ; when we attempt to 
go beyond that, we leave the realm of 
exact science and enter a realm of theory 
and speculation which appears as bound- 
less as the universe itself. 


STELLAR EVOLUTION 


By CECILIA H. PAYNE 
HARVARD COLLEGE OBSERVATORY 


ONCE more I am going to take you out 
among the stars and ask you to consider 
the grandest process known to man. 
Again and again, in this series of radio 
talks, you have heard tales of change 
and development. You have been told 
of the meteors, which travel through the 
cold regions of space as hard lumps of 
stone, and burn up and perish as they 
rush into our atmosphere. You have 
heard how the comets, the wanderers of 
the solar system, show signs of wear and 
tear and may end up at last in a shower 
of meteors. You were reminded that all 
the planets were born from the atmos- 
phere of the sun, and set out in elon- 
gated orbits on their journeys around 
their parent as masses of glowing gas, 
only to settle down into the nearly cir- 
cular orbits they pursue to-day, cooling 
off into the solid bodies that we know. 
All this has happened in a period of 
time that can be measured; a matter of 
a few thousand million years.) And 


again you heard of changes that have 
passed over the surface of the earth, 
from the time when it was torn from its 
parent, the sun, down to the present 
day. Change and development are writ 
large upon the solar system. 

My title to-night is ‘‘Stellar Evolu- 
tion.’’ I am to tell the story of the 
development of the stars—a story that 
puts the greatest of strains on the 
human imagination. Is it possible that 
the stars develop? That they are born 
and run their course and die? For 
hundreds of centuries man has watched 
the sky, and to his crude apprehension 
the face of the heavens seems to be so 
unchanging that we sometimes speak of 
the ‘‘eternal stars.’’ But that impres- 
sion is a result of human finitude, and 
astronomy is now expanding our out- 
look. Astronomers observe the sky and 
tell us that the stars are altering their 


positions, moving across the expanses of 


space. Although some stars greatly ex- 
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ceed our common earthly velocities, they 
are so far away that their motion across 
the sky would hardly be noticed by the 
casual observer. 

In the same way we are sure that the 
stars go through a vast process of devel- 
opment, but it takes place so slowly that 
it can not be directly observed. The 
span of human life does not give us time 
to notice the development of an ordinary 
star, and, indeed, the whole duration of 
living things on the earth has not seen 
an appreciable change in the light of the 
sun. 

Yet we believe that stars are born, and 
live their lives, and die; I have only 
time to touch very lightly on the rea- 
sons that form the basis of our belief. 
The main foundations of the theory of 
stellar evolution are the facts that the 
stars exist, that they shine, and that they 
differ among themselves. I shall try, in 
a few words, to show that each of these 


facts has a bearing on the theory of the 
evolution of stars. 

When we look at the twinkling light 
of the stars, we need all our powers of 
imagination to visualize what they really 


are. Every star is an enormous mass of 
glowing gas. We might suppose that a 
mass of this kind would have a tendency 
to spread out and dissipate entirely. 
The existence of isolated stars would 
then be difficult to understand. But a 
star is made of matter and therefore all 
its parts are under the pull of gravita- 
tion. The pull of the enormous mass of 
which the star is composed keeps it to- 
gether—for every part is attracted to- 
wards the center of the star. 

Another difficulty arises at this point. 
If a star is being pulled towards the 
center, and if, not being solid, it has no 
rigidity to resist the pull, why does it 
not collapse altogether? How does it 
continue to exist as an expanded gas? 
The answer is that there are other forces 
holding the star out; mainly the pres- 
sure of the heat and light that are pour- 
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ing out from the inside—a pressur 
large enough to keep the star blown 
like a balloon. Of course, the star is ) 
hollow like a balloon. Probably it ¢ 
denser and denser, the further we go in. 
to the interior. But we may pictur 
every part of it as held out from withiy 
by the pressure of light and heat, and 
held in by the pull of gravitation. W 
can thus see, in a rough way, how it 
possible for a star to exist—gravitat 
prevents spreading out into space, 
light pressure prevents collapse. Ind: 
it is the outpouring of light from withi: 
that makes the stars what they are; but 
as we shall see, this same reckless ex 
penditure of energy also prevents them 
from surviving without change. 

The radiation that keeps the star ex 
panded is used up in the process ar 
never gets out to the surface at all; but 
enormous quantities of heat and light 
get out, as we know, because it is by 
their means that we perceive the star 
This very light and heat that we see ar 
the seeds of the star’s ultimate destruc 
tion. The escaping light and heat a 
dead loss to the star, diminishing i 
power to radiate, and its capacity t 
keep itself blown up under the pull o! 
gravitation. 

Unless a star is able to compensate 
matters in some way, its output of light 
and heat will alter, because the supply 
is being exhausted. The star will ot 
necessity change in some way that can 
be observed, growing fainter at a rat 
that can easily be predicted. Therefore 
it is certain that the stars must change, 
just because they shine; either they 
must alter on the surface in some way 
that we can observe, and at a perfectly 
definite rate, or they must alter insid 
in a way that will compensate for their 
loss of heat and light into space. 

We feel sure, then, that every star is 
liable to change. A further reason for 
believing in stellar evolution is that the 
stars are not all similar; they differ 
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among themselves in all kinds of ways. 
I have not time to describe the variety 
that we find in the composition of star- 
light, but I must say a few words on the 
differences that the stars display in size 
and brightness. 

It is a matter of common observation 
that the stars that we see in the sky 
seem to have different brightnesses, and 
probably many of us have noticed that 
they have different colors as well. Of 
course, from the earth, it is impossible 
to get a fair idea of the stars by merely 
looking at the sky, because some of those 
that appear bright to us only show up 
because they are fairly close; and, on the 
other hand, a really bright star may be 
so far away that it looks faint in the 
sky. 

To give all the stars a fair chance we 
ought to put them all at the same dis- 
tance, and if we could do that, we 
should see a most varied array. There 


would be stars of all brightnesses, and 


of all colors from blue-white to dull red 
(which means all temperatures from 
forty thousand degrees centigrade to 
three thousand degrees). The sun 
would not stand out conspicuously. 
Some stars would appear ten thousand 
times as bright as our sun, and the faint- 
est star known would be about ten thou- 
sand times fainter. Another thing that 
would be noticed if the stars were 
brought near enough to be seen as 
spheres instead of mere points of light 
is the difference in size. The smallest 
normal star known would have about 
half the diameter of the sun, but some 
of the typical larger ones are so enor- 
mous that if they were to be placed 
where the sun is now, the earth would 
be well inside them. 

We are faced, then, with a most 
varied collection of stars, and forced to 
ask the question: How do they happen 
to be that way? Are they all differently 
constructed? Are the differences I have 
just described the result of being made 
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differently? Or are all the stars essen- 
tially the same, only in various stages of 
development? The rather 
convincing that they are all in different 
stages of development, and that the 
variety is not a matter of different com- 
position. 

I shall not attempt to suggest to you 
the ideas that have led us to our present 
beliefs on the subject of stellar evolu- 
tion, but instead I shall describe, very 
briefly, an ordinary, typical stellar life- 
history. 

We do not pretend to go back to the 
beginning; the first stage in our stellar 
life-history shows the young stars as 
very diffuse globes of gas, at a tempera- 
ture of about three thousand (3,000) 
degrees and shining with light of a red- 
dish color. In fact they are already 
stars. (I do not apologize for not tak- 
ing you further back, for my subject is 
the development of stars, and not their 
origin. ) 

Some of the most diffuse and coolest 
stars, the very youngest known, seem to 
vary in brightness, and behave as if they 
had some sort of instability; and it may 
be that this variability has some connec- 
tion with their extreme youth. The dif- 
fuse, cool stars have an enormous output 
of light and heat, because they have a 
large surface, and there is plenty of 
opportunity for the energy to escape. 
But in spite of the outpouring of energy, 
a young star proceeds to grow hotter, 
and at the time it grows both 
smaller and denser. These young 
‘‘miants’’ have a great internal supply 
of energy, on which they draw, not only 
making up for the flood of light that 
they are giving out, but raising their 
own surface temperatures more than 
tenfold. The temperature of the out- 
side rises from three thousand to forty 
thousand degrees centigrade, while the 
temperature of the inside rises still 
more. 


evidence is 


same 
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At the beginning of its development, 
a young star probably has a central 
temperature of less than ten million de- 
grees centigrade, but by the time the 
outside has gone up to ten times the 
original surface temperature, the inside 
is believed to be at about thirty million 
degrees. All the time the star is grow- 
ing hotter, it shrinks in size and grows 
denser. And all the while it continues 
to pour out heat and light, losing energy 
into space at an enormous rate, a rate 
depending on its size, its temperature 
and other things. 

If the outside of a star has risen to a 
temperature of forty thousand degrees 
or thereabouts, it has apparently grown 
as hot as the make-up of a star allows. 
Few stars attain to such heights, and 
indeed many are probably unable to ex- 
ceed fifteen thousand degrees in surface 
temperature. The precise temperature 
that is reached seems to depend upon the 
amount of material in the star, being 
greater for heavier stars. Stars that 
have risen to their maximum temperature 
begin to decline again, growing cooler at 
the surface, changing back again from 
the blue-white stage that they reached in 
their prime, through white, yellow and 
orange to red. They still go on shrink- 
ing in size and growing denser as they 
cool; they have now arrived at the stage 
where we call them ‘‘dwarfs.’’ The 
giants are the diffuse stars that are grow- 
ing hotter, and the dwarfs are stars that 
are getting cooler. 

But they are only cooling on the out- 
side. Inside, the temperature remains 
high, and the outside only cools off be- 
eause the body of the star is becoming 
less and less transparent to heat as it 
grows denser. At last we may picture 
the star cooled off, at the outside, to the 
same temperature at which we first saw 
it, but it is now a very different object. 
In the beginning it was three hundred 
times the size of the sun; now it is, per- 
haps, one fourth of the sun’s size. It 


has poured out vast quantities of hea: 
and light into space—quantities that ea) 
be measured in millions of millions 0; 
millions of millions of tons, 

Finally we may suppose the star ¢ 
grow still cooler; the outside becomes 
more and more opaque to radiation 
the star gets fainter and fainter, unti! 
it is altogether invisible. There is stil! 
a great mass of matter, but the outpour- 
ing of energy that gave it a place among 
the stars is at an end—the star has 
reached the term of its career. 

The youth of a star, the brilliant giant 
stage with the mighty output and the 
rising temperature, is relatively short 
But the way down, it seems, is long and 
slow, for the star continues to produce, 
within itself, enough heat to retard the 
cooling process very greatly, especially 
when the body of the star becomes in- 
creasingly opaque to radiation, so that 
the supply that escapes to the outside 
is much reduced. 

This internal production of energy is 
one of the large problems of modern 
astronomy. Where does the energy 
come from? What keeps the stars 
going? Once astronomers believed that 
a star could produce, by its own contrac- 
tion, enough energy to supply it with 
the necessary heat. But now we believ: 
that the progress of a star’s develop- 
ment is so slow that the story I have 
told you takes about a thousand million 
million (1,000,000,000,000,000) years to 
enact. The amount of energy that a 
star could produce by merely contract- 
ing would be too ridiculously smal! to 
keep it going for so long a time. And 
at present it is the belief of the astrono- 
mer that the stars keep themselves alive 
by consuming their own substance. The 
energy that keeps them going is derived, 
at the enormous temperature of several 
million degrees, from the nuclei of the 
atoms at their centers. The energy that 
the stars are pouring into space is liter- 
ally a part of themselves; in giving out 
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lignt they radiate their own substance 


away. 

I have had a very short time in which 
to deseribe to you the longest and most 
solemn process known to man. I have 
said with some confidence that the stars 
do develop, but it can be said with equal 
certainty that we are very ignorant 
about the stages of the development and 
about its causes. There are many things 
that are very hard to account for, and I 
have not even mentioned theni. 

In conclusion I will, however, speak 
of one interesting and puzzling matter. 
We might have expected that, given sim- 
ilar conditions and laws, if all the stars 
had the same start, they would all by 
this time have got to the same stage of 
development. But obviously they are 
all at different stages of development ; 


and, curiously enough, it is this variety 
that first led us to infer that they de 
velop at all. There are some young 
stars and some old stars (often even in 
close association with one another) and 
some of them must have started before 
others, unless the life of a star is to be 
measured in other dimensions than th 
lapse of time. 

In fact, all that I have said so far 
describes a process of ‘‘running down,’’ 
slow and majestic, but a running down 
all the same; but the present state of the 
universe does not point to a universal 
‘‘run-down condition.’’ This makes us 
think that there may be some cyclical 
process at work, giving a new start to 
the stuff the old stars were made of; and 
that perhaps the stars may be eternal 
after all. 





THE STORY OF TIMEKEEPING’ 


By CARL W. MITMAN 


U. S. NATIONAL MUSEUM 


From studies of early man and his 
customs it is known that he began the 
day at sunrise and divided it into 
twenty-four hours. It is further gen- 
erally recognized that the varying length 
of shadows caused by the sun suggested 
the first means of indicating the hours. 
Man spent many thousands of years on 
this earth, however, before any device 
was manufactured for telling time by the 
sun ; in fact, the invention of the sundial 
is generally accredited to a Greek, named 
Berosus, who lived about 550 B.C. Be- 
fore that time it is more than likely that 
some natural high-standing object like a 
single tree or a precipice was depended 
upon to indicate shadow lengths and the 
passage of time. 

The value of Berosus’s invention was 
apparently soon recognized and sundials 
were erected quite numerously, espe- 
cially in public places. They were not, 
however, always gratefully received, as 
is indicated in the following dirge, if I 
might call it that, of an old dyed-in-the 
wool Roman conservative : 


The gods confound the man who first found out 
How to distinguish hours! Confound them too, 
Who in this place set up a sundial, 

To cut and hack my days so wretchedly 

Into small portions! When I was a boy 

My belly was my sundial; one more sure, 
Truer and more exact than any of them. 

This dial told me when ’twas proper time 

To go to dinner (when I had aught to eat), 
But nowadays, why... 

I can’t fall to unless the sun give leave. 

The town’s so full of these confounded dials 
The greatest part of its inhabitants, 

Shrunk with hunger, creep along the streets. 


1 Smithsonian Radio Talks, arranged by Mr. 
Austin H. Clark, broadcast from Station WRC. 


His grumbling, however, had no per 


nent effect, and sundials remained 
the main methods of telling tim: 
fully fifteen hundred years after th 
of Rome. 

At first man led rather a simple 
and the fact that a sundial could 
indicate time on cloudy days or at 1 
was of little importance, but the tin 


come when it was felt that this shorteo: 
ing should be remedied and it fell to t 


lot of some unknown inventor to ds 


the waterclock. How it came about t 


water was put to work to measure t 


is not known, except that the idea | 


hit upon probably because of the 


with which a uniform flow of wat 
could be maintained, and, of course, t 
obtain uniform motion for an infi 
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the makers of timepieces are still st 


ing. Fundamentally, the action 
waterclocks depended upon the flov 


; 


water through an opening, and t! 


were two types, one indicating hours « 


rit 


varying length, and the more modem 


instrument, used as late as the eighteent! 
century when hours of equal length w 
measured. The ancient one in its sil 
plest form consisted of a thin m 
bowl, about five inches in diameter, wit 

a small hole in the bottom. This was 


placed on the surface of a basin of wat 
At 


and a boy was detailed to watch it. 
first it would float, but gradually as 
water oozed up through the hole 


+ 


bowl filled and sank. The instant t! 


4 


happened the boy struck a gong, ! 


out the bowl, emptied it and placed 


ney? 


on the surface of the water for the 


} 
+ 
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round. The more modern one was de- 
veloped as a result of man’s increased 
inowledge of mechanical principles and 
had incorporated in it many mechanical 
movements which were put in motion by 
‘he flow of water. None of these water- 
locks indicated time by a dial and hands 
but usually by periodically striking 
gongs in some ingenious way. 

Thus the waterclock supplemented the 
sundial, but inasmuch as water would 
freeze in winter there was still a need 
f some new device to supplement both 
the sundial and waterclock. This re- 
sulted in the invention of the sandglass, 
which is so familiar to all of you that no 
time need be taken up to describe it. 

Besides these chief means of indicating 
time there were a number of other meth- 
ods used locally throughout the world. 
The Chinese are said to have tied a 
length of rope into knots, spaced equally 
apart. One end of the rope was set on 
fire and as the fire crept to a knot a gong 


was struck successively until the whole 


rope was consumed. King Arthur of 
England devised a time indicator com- 
posed of six candles, each twelve inches 
long, which burned at the rate of twenty 
minutes aninch. Thus one candle lasted 
four hours, and six, twenty-four hours. 
His scheme worked all right as long as 
the wind did not blow, and to shield the 
flame from the wind he had cases made 
of horn, scraped very thin, which were 
slipped over the candles. In old English 
this ease was called a ‘‘lanthorn’’ and 
from it we get our word ‘‘lantern.’’ 

A weight-driven clock was the next 
great step in timekeeping. There are 
differences of opinion as to who invented 
it, but it is generally considered that the 
clock which was made and installed in 
Glastonbury Abbey in. England, by a 
monk named Peter Lightfoot in 1336, is 
the closest approach to a weight-driven 
clock in the modern sense of the word. 
This clock movement is still in existence 
and is exhibited in the New Science Mu- 
scum in London. Of course it is a rather 
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erude-looking affair, but the wonderful 
part about it is that it possesses all the 
important features still in use in weight- 
driven clocks except the pendulum, min- 
ute and second hands. 

For the next one hundred and fifty 
years mechanical craftsmen in Europe 
devoted their effort to 
clocks. Each passing year saw them in- 
creasing in numbers, decreasing in size 
and improving in accuracy, but without 
any fundamental change in mechanism. 
Instead the craftsman confined his inge- 
nuity to producing beautiful cases and 
indicating time by automatons rather 
than the simple dial and hand. By in- 
corporating additional mechanism the 
clocks, besides telling time, were made to 
indicate the movements of the sun, moo: 
and stars, and the passing of the days, 
months and years. 

The story is told of a Frenchman, 
named Burdeau, who made an ingenious 
clock in compliment to Louis XIV, in 
which there was represented, sitting on 
his throne, Louis surrounded by all the 
pomp of royalty and the princes and 
dukes of Italy and the electors of the 
German states. These individual figures 
advanced toward the king and, after 
bowing, would strike the quarters of the 
hour with their canes. There were other 
figures representing the kings of Europe 
and these, after paying their respects to 
the king, struck the hours with their 
canes. Burdeau was prevailed upon to 
publicly exhibit his clock and after he 
had decided to do so he made a change 
in the movement which he thought 
would be highly pleasing to his king. 
He knew of the stubborn and unyielding 
attitude of King William III of England 
toward Louis, and the change in his 
clock was to cause the figure represent- 
ing William to make a most extreme bow 
when he appeared. When the exhibition 
took place and King William appeared, 
he bowed very low but at the same in- 
stant something went wrong with the 
mechanism and King Louis fell out of 


every making 
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his throne prostrate at the feet of the 
British king. The news of this accident 
spread very rapidly and was considered 
a bad omen, so much so that when King 
Louis heard of it he had Burdeau sent 
to the Bastille. 

There can be no doubt that the pres- 
ence of portable sandglasses acted as an 
incentive to these old clockmakers to 
make a portable clock or even a pocket 
timepiece which could be carried around 
as easily as a ring sundial. The portable 
clock came about in a comparatively 
short time, but it was not until 1500 that 
the watch was born, when Peter Hen- 
lein, of Nuremburg, Germany, invented 
a coiled spring to take the place of the 
weights to drive the gears of a timepiece. 
Henlein’s coil spring was fundamentally 
the same as the main spring in our 
watches of to-day. There was no beauty 
in these watches of Henlein. They were 


in size and shape something like a hen’s 


egg and were made of iron and brass. 
Incorporated in them, very crudely, 
were some of the features still used in 
the modern watch. Many of you remem- 
ber what a terribly crude affair the auto- 
mobile of thirty years ago was. It was 
revolutionary as a transportation unit. 
Similarly Peter Henlein’s watches, 
driven by a main spring, were revolu- 
tionary as timekeepers, even though they 
kept poorer time than the clocks then 
available. 

The clockmakers, however, took to 
Henlein’s invention with a vengeance 
and made all manner of portable clocks 
and watches in all sorts of shapes, like 
apples, pears and tulips. Many were 
equipped with striking mechanisms and 
alarms, and it is said that in Queen 
Elizabeth’s reign when watches came 
into general use in society, the ladies of 
her court had watches made to match 
their various costumes, wearing them on 
ribbons around their necks. As early as 
1550, Charles V of Austria had a watch 
made which was set in a ring, and there 
were numerous dudes around 1600 who 


carried walking sticks with miniaty 
watches set in their handles. 

One hundred and seventy-five years 
after Henlein invented the main spring 
Thomas Tompion, an English watch. 
maker, perfected the hairspring, which jx 
still a very important part of the moder 
watch. This addition improved 
accuracy of the watch so materially t! 
within a year English watches wer 
the market with minute hands. 
years later a Swiss watchmaker, ; 
Facio, patented the use of jewels 
bearings in watches, and, as you know 
to-day jewels in watches, when properly 
placed, insure accuracy in timekeeping 
From this time until the next great im- 
provement in watches there was anot) 
wave of devising unusual timepieces and 
those for special purposes. There wer 
calendar and stop watches made, and on 
ingenious watchmaker in England de- 
vised a watch which made a round of th: 
dial every minute and was particularly 
for the use of clergymen or of organiza- 
tions having speakers at their meetings 
He made the suggestion in his advertise- 
ment that the rules of a club should 
changed to allow a man one round of t 
watch only, and ‘hat if he exhausted that 
round it should be lawful for any one o! 
the company to call him to order. H 
suggested, however, two exceptions to th 
rule: one, that if the speaker were mor 
than sixty years old he might hav 
many rounds as he pleased without giv- 
ing offense, and, two, that the rule wa 
not to extend to the fair sex. That 
watchmaker certainly did know 
ladies. 

In 1714 George Graham, 
English watchmaker and an apprentic 
of Tompion, invented the compensated 
balance wheel, which greatly improved 
the accuracy of the watch and which | 
still an essential part to-day. Ninety 
years after Tompion’s perfection of th 
hairspring, Mudge, a third English 
watchmaker, invented the lever escape- 
ment which, greatly improved, of course, 


anothe! 
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is to-day the esecapement of the majority 


of watches. Thus by 1800 all the essen- 
tial parts of the watch of the present 
day had been devised and applied. Ad- 
jitional refinements have, of course, been 
made since, such as the stem wind but 
key set invented by Charles Oudin, of 
Paris, in 1806, and the combined stem 
wind and stem set feature introduced by 
Adrian Phillippe, of France, in 1843. 
Further than that, the watch improve- 
ments of to-day are primarily the result 
of our inereased knowledge of the prop- 
erty of metals combined with our own 
American contribution of inaugurating 
and perfecting a factory system of 
watchmaking with the design and per- 
fection of machines for cutting gears and 
screws and making other parts more per- 
feetly and uniformly than could be done 
by hand. 

Charles Dickens once wrote to 
clockmaker as follows: 


his 
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Since my hall clock was sent to your estab 
lishment to be cleaned it has gone (as indeed 
it always had) perfectly well but has struck 
the hours with great reluctance, and after en- 
during internal agonies of a most 
nature it has now ceased striking altogether. 
Though a happy release for the clock, this is 
not convenient for the household. If you can, 
send down any confidential person with whom 
the clock can confer. I think it 
something on its works that it would be 
to make a clean breast of. 


distressing 


have 


glad 


gia 


may 


We still need specialists for our time- 
pieces, for we are harboring a highly 
pedigreed object which has a mixture of 
the finest English, French, German, 
Swiss and American genius coursing 
through its springs and gears. If it 
does show occasional fits of temperament, 
just excuse them, for they may have been 
brought on by a sudden feeling of pride 
in its 425-year-old family tree, or by the 
fact that two its foster parents, 
Tompion and Graham, lie in Westmin- 
ster Abbey. 
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I. Screntiric RESEARCH IN INDUSTRY 

I am informed that it was not until 
after the year 1870 that any American 
iron manufacturer considered it worth 
while to employ a chemist to analyze the 
ore and other materials that entered into 
the making of pig iron. It was assumed 
that the blast furnace manager could tell 
by instinct the condition of his furnaces 
and the nature of the materials he used. 
As a consequence inferior ores were often 
sold at better prices than ores of higher 
iron content, simply because the better 
ores did not fit so well into the formula 
which some foreman, accustomed to the 
lower grades, had evolved. Mr. Carnegie 
was one of the first to enlist the services 
of a chemist, and he soon found that it 
was possible to purchase at a low price 
ores which on analysis proved to be of 
the very highest iron content. For years 
thereafter some of his competitors con- 
tinued to assert that a chemist was a lux- 
ury they could not afford. 

The former generation of American 
captains of industry would certainly 
open their eyes in amazement if they 
could be privileged to meet with us to- 
day and glance over the program of this 
section of the American Association for 
the Advancement of Science. Indeed I 
think that to the average well-informed 
American citizen this program must ap- 
pear as somewhat of a revelation. Re- 
search to-day does not mean what it did 


1 Address of the vice-president of Section K 
—American Association for the Advancement 
of Science—at the annual meeting of the 
association at Kansas City, December 29, 1925. 
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a generation ago. It has pushed open 
the doors of the academic laborato; 
and the scholar’s library and spr d 
forth into all the highways and byways 
of industry and business. The conflic: 
between ‘‘theory’’ and ‘‘practice’’ 
coming a thing of the past. It takes q 
good deal of hardihood to-day for t 
practical man to sneer at theory and 
sert that science has nothing to teac! 
him. And the scientist, on the othe 
hand, is learning that his science is not 
a mere intellectual exercise, but, on t 
contrary, is full of power to work wo 
ders in the field of practical industry 
Industry is showing its vitality and far 
sightedness in thus calling science to i 
aid, and science is endowed with an in- 
creased dignity by this demonstration 
its power to serve the material progress 
of mankind. 

I regard it a privilege therefore to | 
permitted to preside over this meeting 
of those who by their presence and par- 
ticipation are giving evidence of interest 
in the progress and achievements of re- 
search in these numerous lines of scienct 
as applied to industry. Our meeti! 
brings together a notable company ©! 
scientists, and I have full confidence t! 
they have for us a message of interest 
and inspiration. 


Is De- 


II. THe PrositeM or ForeEsTRY 


(1) Forest depletion and the impor 
tance of forest products. My own hum 
ble contribution has to do with a specia 
field in which the need of economic re 


iN- 


search, while long existent, is just beg! 
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Of 
‘he original area of virgin forests in the 
United States, estimated at over eight 
pundred million acres, three fifths has 
jisappeared, and from the remaining 
forests are to-day being taken lumber 
nd other wood products equal to four 
times the annual growth. 

It needs no words of mine to impress 
:pon you the importance of wood prod- 
iets in the lives of all of us; the fact is 

wious. Failure of our sources of for- 
est products would be a calamity whose 
magnitude ean scarcely be visualized, 
and the increasing scarcity and mount- 
ing prices of forest products already 
mean a steadily increasing burden upon 
the cost of living. Our national sources 
of future supply of forest products are 
being rapidly depleted. Moreover, the 
great areas of denuded and idle forest 
lands which are being added each year 
to the waste lands of the country mean 
rot only a depletion of our national 
heritage, but also a disturbance to the 
natural equilibrium which threatens seri- 
ous results in interference with water 
storage, irregularity in the flow of 
streams, and erosion of the soil. 

This in brief is the national problem 
of the forests. It may seem a far cry 
from this to the subject of research in 
taxation. That the connection is not so 
remote is one of the propositions which 
it is my task to demonstrate to you to- 
day. 

(2) Necessity of maintaining the for- 
ests. To meet the problem of the dis- 
appearing forests it is necessary that 
measures be taken to preserve and re- 
store and perpetuate the forests. Ex- 
isting forests should in general be main- 
tained by proper methods of cultivation 
which shall prevent denuding and pro- 
vide for reproduction, either naturally 
or by planting. Existing waste lands, 
not suitable for agriculture or other non- 
forest uses, should be restored to forest- 
growing. 

(3) Reliance upon private forests. 
The program must include both govern 


ment and private action. For years the 
forest reserve policy of the United States 


government has been extending the 


of national forests, w! 
being scientifically managed 
petuated and improved. Several 
states also are carrying out similar 
grams. But with all this activity 

part of the government and with such 
future extension of public forests as may 
reasonably be anticipated, the problem 
must include the privately owned for 
ests, which are estimated still to embrace 
about four fifths of all the forest lands 
of the country. 


the major part of the country’s forest 


It must be assumed that 


area will long continue to be privately 
owned. The nation must lean heavily 
upon these private forests 

Private forestry will be guided by the 
economic motives which control in busi 
ness generally. 
no matter how altruistic they may per 
chance be by nature, can not be expected 
to handle their properties in the manner 
required of the public interest unless the 
business is profitable. Whether forestry 
ean be made a profitable business under- 
taking is a question upon which opinion 
has differed in the past. I am not a for 
ester or an expert in logging or lumber 
ing, and I can not speak with authority 
here. However, on the authority of 
those best able to speak, I gather the 
very distinct impression that we have 
just about reached the point in deple- 
tion of our natural forest resources, in 
demand for forest products, and in ris 
ing prices of such products, where there 
will be sufficient and increasing motive 
for farsighted business men and inves- 
tors to engage in the business of forest- 
growing provided no artificial obstacle is 
put in their way. And this brings me 
to taxation. 


Owners of forest lands 


III. THe ProsueM or Forest TAXATION 
(1) The power of taxation As was 
said by a famous American jurist in the 


early days, ‘‘the power to tax is the 
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power to destroy.’’ Taxation has been 
employed on more than one occasion 
with the avowed intention of destruction. 
Witness the present tax of 10 per cent. 
upon the notes of state banks, and the 
recent attempt—unsuccessful though it 
was—of Congress to debar the products 
of child labor from interstate commerce. 
But far more serious in its actual results 
than such cases of intentional destruc- 
tion is the unintended burden of taxes 
imposed in ignorance of economic prin- 
ciples. Taxation is one of the most pow- 
erful and far-reaching of the attributes 
of sovereignty, its indirect consequences 
ramifying out into fields wholly unfore- 
seen by the lawmakers. Though imposed 
quite without ulterior motives, taxation 
has the power to impoverish certain per- 
sons and enrich others, to divert the 
course of industry and trade, to influ- 
ence the movement and location of popu- 
lation, to foster certain industries and 
kill others. This powerful and clumsy 
agent when turned loose among the deli- 
eate relationships of economic life may 
run amuck with results not dissimilar to 
those produced by the fabled bull in the 
ehina shop. 

(2) Peculiarity of forestry. The busi- 
ness of forest-growing differs in one im- 
portant respect from most other indus- 
trial enterprises, and it is this difference 
which makes forestry peculiarly sensi- 
tive to taxation and makes forest taxa- 
tion a special problem. In business gen- 
erally income and costs run along more 
or less continuously and, while material 
departures from the average rate of in- 
come are common enough, the entire 
eycle of such variations is generally com- 
pleted within a year at most. In for- 
estry, on the other hand, the rotation 
period is generally a very long one. A 
forest planted to-day or prepared to-day 
for natural reproduction will produce no 
major income for many years, twenty, 
forty, sixty or more, although costs may 
be going on more or less regularly 
throughout the whole period. I recog- 


nize, of course, that there is p 
and-fast line distinguishing 
from other businesses on the 

this criterion. There are other ty; 
business venture whose returns ma 
long deferred. And there are 
though very few in America, whi 
managed, as the foresters say, 
**sustained annual yield.’’ But on : 
whole this is a real distinction wh 
will generally be found to put forest 
in a class by itself. 

There are in America to-day tw 
types of taxation; namely, the in 
tax and the property tax. With 
former when levied at a flat rate. 
business of forestry can have no quarre! 
If taxes are paid only as income js re. 
ceived and in proportion to the amount 
of the income, its long rotation 
does not put forestry to any disad 
tage so far as taxation is concerned. 
situation is different when the income tax 
is progressive. Then the forest owner 
in danger of a disproportional burde: 
because of the long rotation period 
the irregular yield of forestry. Ir 
years when he receives his major i 
he will be taxed in the high rate 
ets, for which he receives no comp 
tion in the years when he has litt) 
no income. The advantages of the p 
sonal exemption and the deductions f 
dependents accrue to him, not 


year, but only in the years when he re- 


ceives an income. For example, under 


the United States income tax, a regular 


income of $5,000 a year pays no surt 
and only a low rate normal tax, whl 
the greater part of it may be tax-fre 
on account of personal exemption 
deductions for dependents. 
this (that is, $250,000) received ever) 
fifty years is mostly subject to the hig! 
est normal rate and is also burdened | 
the surtax at rates rising to 38" per cent 


1 Since this address was delivered the Revenue 


Act of 1926 has reduced the income tax rates 
so that the rate upon that part of a net 
in excess of $100,000 is now 20 per cent 
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while the personal exemptions and de- 
duetions are an insignificant trifle. For- 
estry is thus likely to suffer unjust treat- 
ment under a progressive income tax. 
There may also be discrimination against 
forestry in connection with the deduc- 
ns for losses, ete. 
3) The property tax as it affects for- 
estry. The property tax is also likely to 
work injustice to forestry, and since it 
is the form of taxation which bears most 
heavily upon the forests, we may profit- 
ably devote the rest of our attention to 
The theoretical basis of the general 
tax is that each subject shall be called 
upon to pay annually a tax whose 
ount is in direct proportion to the 
value of his property of all sorts except 
those classes of property which are spe- 
cifically exempted by law. Now since 
the value of capital is theoretically the 
present worth of all its expected future 
net income, a tax on capital value— 
which is what the property tax is—is 
theoretically the equivalent of an in- 
come tax at a rate determined by divid- 
ing the property tax rate by the rate of 
interest. For example, if the rate of 
interest is 5 per cent., a future income 
of $500 a year forever will be worth to- 
day $10,000. An annual property tax 
at the rate of 1 per cent. would produce 
the same result as a 20 per cent. annual 
income tax; each tax would take $100 a 
year. The present value of all the fu- 
ture income of this capital is $10,000; 
the present value of all the future taxes 
is $2,000, or 20 per cent. of the capital. 
But this correspondence between the 
annual property tax and the income tax 
holds good only on the assumption that 
the income appears annually at a uni- 
form rate. Consider the case of a capi- 
tal instrument which will yield no net 
income for a period of fourteen years, 
after which it will yield a perpetual 
annual income of $1,000. The present 
worth of such an income, discounted at 
) per cent., is $10,000, the same as the 
value of the annual income of $500 be- 


ti 
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ginning now. An income tax at the rate 
of 20 per this 
exact nothing for the first fourteen years, 


cent. on income would 
after which it would take $200 a year 
The present worth of these future tax 


payments is $2,000, or 20 per cent. of 
the value of the capital, exactly as in 
the case of the annual income of $500 
beginning at once. 

But now let us see the annual 
property tax affects this second type of 
capital. The present worth of the capi 
tal is $10,000. The property tax at 1 
per cent. will be $100 the first year. The 
second year, however, the capital value 


how 


will have increased to $10,500, sinee the 
date at which the income will begin is 
The property tax this 

Each year thereafter 


one year closer. 
year will be $105. 
the value of the capital will increase and 
the property tax will increase until in 
the fourteenth year the capital is worth 
$20,000 and the annual tax 
amounts to $200 and will be $200 each 
year thereafter. 
of this series of annual property tax pay 
ments is not $2,000 or 20 per cent. of 
the present value of the capital. On the 
contrary, it is $3,428, or 34 per cent. of 
the present value of the capital. 

In this wise does the annual property 
tax discriminate against form of 
capital whose income is long deferred. 
The annual recurrence of the ordinary 
business income is so much regarded as 
a matter of course that people have 
failed utterly to appreciate the profound 
significance of the annual character of 
the property tax. If the property tax 
were that it fell due only 
when income was obtained and in pro- 


property 


Now the present worth 


any 


SO devised 


portion to the income received, its cor- 
respondence to the income tax would be 


universal. As it is, the property tax 


imposes a discriminatory burden upon 
all property whose income is long de- 
ferred as compared with property yield- 
ing a comparatively regular annual in- 
come. Of course the ordinary forestry 
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enterprise is in the class of capital thus for any investment. For investn: 
discriminated against. forest-growing—for an income 
My analysis thus far has gone on the years in the future—it is a well 
assumption of a theoretically perfect ad- insuperable obstacle in the eyes 
ministration of the property tax. If careful investor. 
the property tax is not administered in 
accordance with its theoretical intent, 
the result will of course be either more 
or less unfavorable to forestry accord- (1) Results already achieved. Ins 
ing to the character of the mal-adminis- ing to solve the problem of forest t 
tration. Now the American general tion, the first part of the task was t 
property tax, in its practical operation, termine the theoretical bases. Th 
is notoriously inefficient, its most signi- sult has, I believe, been fairly 
ficant aspects being deficient assessment accomplished—at least in tentative { 
—usually gross undervaluation—and —by researches already made. Th 
high tax rates. The result of under- lowing conclusions are now general) 
valuation has generally been to make cepted: (1) Special favors to 
the burden upon forest lands less ex- owners are not the solution. Such fay 
cessive than would have resulted from are unfair to other interests, unecono. 
strict application of the law. Indeed cal, futile to accomplish the desired : 
so generally has undervaluation—par- sult and unnecessary. (2) The revenues 
ticularly of timber and timber lands— of the states, counties, towns, etc., must 
prevailed in the past, that it is doubt- not be impaired. (3) Taxation must 1 
ful if the actual burden of the property be an obstacle in the way of far-sighted 
tax upon the forests has often been ex- investment in forestry. (4) In gener 
cessive. We must look farther for the these ends will be accomplished by su 
erux of the problem of forest taxation. stituting the principle of the incom 
(4) The heart of the problem. The yield tax for taxation based upon ca; 
general property tax is the mainstay of value. This general program involves 
state and local revenue in the United multitude of details, theoretical and 
States. Each year this tax exacts from practical, which I need not elaborat 
the people of the United States a toll here. 
of three and a third billion dollars or (2) Working out the best type of f 
more, exceeding the amount of all the est tax. The taxation of forests must fit 
taxes now collected by the federal gov- into the general tax system. It must 
ernment and being only little short of in harmony with forest conditions and 
half of the total national tax bill. In probable future methods of forest n 
spite of its notorious deficiencies, the agement for the various parts of 
general property tax is likely long to country and the various types of for 
remain as the principal tax to which real To accomplish this is a problem of gr 
estate at least will be subject. Under magnitude and infinite detail. It 
perfect administration this tax would, be worked out only in the light of pr 
as I have endeavored to show, impose a_ tical forest and tax conditions in 
discriminatory burden upon forestry. several states. We are not yet sufi 
As actually administered its burden, if ciently acquainted with the facts. Her 
not excessive, is arbitrary and uncer-_ is a great field for research. 
tain, with the ever-present possibility of 
being grossly excessive in its impact 
upon forestry. No owner can tell in ad- 
vance even approximately what his tax (1) The Clarke-McNary Forestry Act 


ry) 


obligafion will be. This is bad enough passed by the last Congress, made p! 


IV. SOLUTION OF THE PROBLEM < 
Forest TAXATION 


V. A PLAN FoR RESEARCH IN FOREST 
TAXATION 
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vision, among other things intended to economists is now being org 
promote American forestry, for a nation- W ill probably first be airected 


wide investigation of forest taxation. an intensive study in some select: 
This legislation was the outgrowth of an 5, region. Thereafter. when tl 


té ie 


elaborate investigation of reforestation nique of the study has been more 
conditions in all parts of the United . 
States conducted by a special committee 
f the Senate in 1923-24. The investi- 
gation provided by the Clarke-McNary 
law will be conducted by the Forest 
Service under my direction. 

(2) Problems to be investigated. The 
field covered by the investigation will be 
extensive, ranging from the constitu- 
tional, legislative and traditional basis 
of taxation to practical matters of as- 
sessment and collection. The study will 
go into the land policy of timber-land 
owners, the purchase and blocking up 
of forest land units, the relinquishment In this brief address I have attempt 
of forest land for delinquent taxes, the nothing more than to present an outline 
policy of owners regarding continuous of the present problem of forest taxat 
production of timber, and efforts at re- as I see it and to indicate the gene 
forestation by owners of cut-over lands. character of the research upon whi 
The bearing of taxation upon all these have embarked under the auspices of 
subjects will be sought. Finally answer United States Forest Service. Humilit 
will be sought to the question as to what is becoming to him who is on the thresh 
type of taxation is best suited to en- old of his task; nevertheless | trust you 
courage private forestry and how such will permit me at least the expression of 
tax method may best be fitted into the the hope that out of this investy 
existing tax systems of the several states there may eventually con 
with the minimum of disturbance to which will be of real aid to 
state and local finance. are seeking a sound and lasting s 

(3) Plan of investigation. A research of the American problem of forest 
staff of carefully selected foresters and tion. 


worked out, investigations will prob: 
be conducted simultaneous 
states until all the typical 

of the country have been cov 
pean experience will also be 1n\ 
for the sake of whatever light 
able to throw upon the Americ 
lem of forest taxation. The 
tion, as now forecasted, is likely 
tinue over a period of three 
years. 


VI. ConcLUSION 





THE FUTURE OF AGRICULTURAL RESEARCH 


By Dr. E. D. BALL 
STATE PLANT BOARD, SANFORD, FLORIDA 


THE production of an abundance of 
food and organic raw materials (cotton, 
wool, fur, timber, etc.) is one of the 
primary requirements for the mainte- 
nance of civilization. A study of history 
indicates that it is also one of the pri- 
mary requirements for the continued 
growth and prosperity of a nation. 

The United States has grown from ten 
millions to one hundred and ten millions 
in population in the past century, and 
her growth in wealth and power has 
equalled or exceeded that of her popu- 
lation. No other nation in history has 
ever made such a marvelous growth 
from so small a beginning. It is even 
more wonderful when we consider that 
it had taken the entire two centuries 
preceding this to produce the ten mil- 
lion. The greater part of the popu- 
lation of that period, however, was 
distributed along the Atlantic coast, in 
regions of poor soil or inhospitable cli- 
mates. The past century has witnessed 
the opening up of that wonderfully fer- 
tile region—the upper Mississippi Val- 
ley—the greatest food-producing area in 
the world. As the population increased, 
greater and greater tracts of this prairie 
land were placed under cultivation, until 
practically all the rich and fertile por- 
tions have been taken up. During all 
this period, the nation has produced food 
in excess. The crest of that production 
was reached at about the close of the 
nineteenth century, and since that time 
our population has been increasing more 
rapidly than food production, until, if 
the present rate is maintained, it will be 
a matter of only a few years before we 
become a food-importing nation. In 
fact we have been a food-importing na- 
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tion for several years, as we import more 
sugar, coffee, tea, spices and tropical 
fruits than we export of wheat and meat 

An analysis of the situation will show 
that it is even more serious than appears 
in this brief statement. Twenty of the 
oldest, including many of the richest 
the agricultural states, actually de- 
creased in farm area between 19] 
and 1920. Several states remained the 
same, while the only increases were in 
the cutover regions of the lake states, 
and of the south, and in the extreme 
western plains area from Texas to Mon. 
tana. This latter area has, since 
period, experienced a serious and pro- 
longed drouth and a large percentage 
of this new land has already been aban- 
doned, and more will be in the future 

The major areas that are possible of 
conversion into farm land involve large 
expenditures for irrigation, drainage, 
clearing or other form of improvements, 
or else involve greater hazards in drouth 
or frost. Many of these areas can 
profitably used only when prices f 
agricultural products are extremely 
high, so it seems fairly certain that the 
agricultural area of this country will 
increase, if at all, much more slowly 
than the population. Therefore, if there 
is to be increase in food production, it 
must largely come from the area now 
under cultivation. 

The science of agriculture has made 
remarkable progress during this century 
—in fact, more progress than in all the 
centuries preceding. One man can to- 
day produce six times as much food as 
his grandfather could, and one worker 
in America is producing to-day four 
times as much food as a similar worker 
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in the European countries. This re- 
markable achievement has been brought 
about by a combination of many things. 
The improvement in farm machinery 
has contributed more than any other 
one factor, although the improvement 
in farming methods and practices, the 
marked inerease in efficiency of plants 
and animals, and in the methods for 
the control of insect pests and plant 
diseases have all contributed their share. 
This, however, has been built entirely 
upon an extensive agricultural plan in 
which the man has been the unit and any 
method by which the production per man 
could be increased has been utilized. 
On the other hand, production in Europe 
has been very largely of an intensive 
character, the acre being the unit, for 
they have already reached the situation 
in Europe where the acre is more im- 
portant than the laborer. In this coun- 
try during this past century we have 
had acres to burn and have burned them 
merrily, but that day is past and if an 
adequate food production is to be main- 
tained for our rapidly increasing popu- 
lation, our whole program of research 
must be reorganized and our agricul- 
tural methods revised so as to materially 
increase the production per acre without 
at the same time decreasing the produc- 
tion per man. The production per acre 
in European countries such as England, 
France and Germany is fully double 
that of this country at the present 
time, but the production per individual 
laborer is, as previously stated, only 
about one fourth. 

Before discussing in detail this pro- 
gram of research, it is well to discuss 
some other factors on which there has 
been much confusion of thought. Some 
writers have argued that there are other 
areas in the world capable of immensely 
increased food production. One sugges- 
tion is that the blacks could be exter- 
minated in Africa and that country 
given over to a white civilization which 
would much more efficiently utilize the 


area. That suggestion might have been 
accepted a few centuries ago. Instead, 
we are now carrying to them education 
and sanitation and helping them to de- 
velop their own civilization. We will 
assist them in avoiding the plagues and 
famines that have held their numbers in 
check in former generations and the re- 
sult is likely to be that their increasing 
population will be demanding more food 
rather than producing an excess for the 
use of other nations. 

Another suggestion constantly recur- 
ring is that there are great possibilities 
of development of excess food production 
in tropical regions. Gill Fillan, however, 
has shown that the trend of civilization 
for the entire fifty-four centuries of the 
world’s history has been steadily away 
from the tropics to the temperate regions 
and this trend seems to be even stronger 
at this time than in the past. It seems 
to the writer that utilization of the 
tropics is much more likely to continue 
along the line of production of beverages, 
tropical fruits, spices, rubber and other 
semi-luxuries as in the past, rather than 
to become an area from which we may 


expect any amount of increase in sub- 
stantial food items. These areas will un- 
doubtedly be increasingly used for ree- 


reational and outing 
sanitary and health conditions improve 
We must remember, however, that 
wherever civilization has removed the 
land covering of timber, grass or shrub, 


purposes, as 


it increases the severity of both drouth 
and floods and, that especially in trop- 
ical regions with excessive rainfall, this 
results in severe guilying and washing 
which depletes the fertility of the soils 
and if carried far enough eventually 
ruins large areas. Civilization also takes 
a large toll from the cultivated areas. 
Cities expand and take up the richest 
and most fertile river valleys. Increased 
populations require more roads, boule- 
vards, parks and pleasure grounds, coun- 
try estates and golf courses, all of which 
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take from the productive area. City tion of money for agricultural res 
taxes have ruined many a farmer while is appropriation to the development 
actually enhancing the value of his land. fundamental industry in which nat 
There is another factor that appears prosperity is involved and that its 
to be little understood, and that is that diate and direct benefits accrue t 
neither the state nor the nation appro- consumer to as great if not greater | 
priates money for research to assist the tent than to the producer. 
farmer alone, any more than they appro- It must also be recognized that 
priate money to assist the blacksmith, agricultural problem becomes inc: 
the carpenter, the lawyer or the clerk ingly complex with the increase in p 
as such. Agricultural research that as- lation and especially with the ine: 
sists the farmer to produce food and raw. in rapidity and ease in transportat 
materials beyond his own needs adds to A generation ago, when each farmer \ 
the abundance from which the rest of the more or less isolated and produc 
world gets its supply. It is only from large variety of crops, many of the | 
the excess that the rest of the community lems with reference to the contro! o 
can be supplied. In fact, increasing the sect and plant diseases were unimpor 
production for the farmer has often- tant, but to-day with specialized crops 
times resulted in immediate financial in- concentrated in given areas, every ki 
jury, through low prices for his product, insect pest and plant disease is lik: 
but it has always worked to the benefit be introduced and, finding an abu: 
of the consumer in lowering his food of food, to multiply and become iner 
costs. ingly injurious. The increase in ra 
There is another factor that needs to ity of transportation has of recent years 
be emphasized and that is that any one_ trebled the difficulties of the producer 
who contributes a new and valuable idea A large number of the most serious i 
or method in industry is allowed to pat- sect pests and plant diseases and m 
ent his process and obtain his reward of the most troublesome weeds are 
through the control of its production. recent introduction. The boll weevi 
There can be no such arrangement in the pink boll worm of the cotton ar 
agriculture. If aman produces a better two most serious handicaps to its produ 
wheat he must first have it tested by tion. The corn borer is moving from t 
many individuals in many localities be- eastward towards the corn belt 
fore it has been determined that it is alfalfa weevil introduced into Utah 
valuable, and by that time each indi- recently crossed the mountains i 
vidual becomes his competitor in supply- eastward march. The chestnut 
ing this new product. If he is able to has eliminated the chestnut. The w! 
sell a few bushels in the beginning at a__ pine blister rust is menacing our se 
higher price, practically every bushel growth forests. The Japanese beetle 
will be used to develop competition. In the Oriental Fruit Moth are beginning 
the same way if he has improved an ani- destructive march on our fruit industr 
mal the process will be repeated. In With these and many other additions t 
either case he has made a valuable con- the problem of production, as well 
tribution to world progress comparable those inherent in concentration of 
to that of the discoverer of a new process the farmer of the future must have 
in industry, but he must depend upon creasing help to even maintain the | 
the state or the nation for his reward. duction of the past. If, however, 
With this situation understood it will called upon to greatly increase the pr 
be clearly recognized that the appropria- duction per acre there must be stil! 
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ther additions to the research facilities 
provided for the solution of his problem. 

We must remember in this connection 
that agriculture is not a science, but that 
agricultural science so called is the ap- 
plication of the principles of the various 
sciences to the agricultural problem. In 
the same way agricultural research is 
divided into the primary fields of scien- 
tifie research, the only difference being 
that in this case the research is being 
applied to the solution of problems that 
will contribute to the development of 
food and raw materials. 

Much of the remarkable progress in 
agriculture during the last three decades 
was due to the fact that there was a very 
large body of scientific knowledge wait- 
ing to be applied to the agricultural 
field. At first sight, it would seem that 
progress in the future would probably 
be slower because of the fact that the 
easier applications had already been 
made; but instead of that, it seems cer- 
tain that progress in the future may be 
expected to be more rapid than it has 
been in the past. 

A large number of far-reaching scien- 
tifie discoveries have been made in the 
past few years. They have already 
opened up many new possibilities and 
opportunities for application to the agri- 
cultural field. What future discoveries 
will contribute can only be conjectured 
and need not be considered at this time 
as there is plenty of material at hand 
for outstanding contribution. The dis- 
covery of the colloids opens a fruitful 
field for further research in soil physics 
and chemistry. It has already contrib- 
uted to the science of road building and 
has many applications in the agricul- 
tural field. The discovery of vitamines, 
of the influence of the ultra-violet light, 
as well as the effect of the length of day 
have opened a wonderful field of oppor- 
tunity for research in plant and animal 
physiology, nutrition and development. 
The development of new insecticides and 


fungicides, together with new discover 
ies in the biological field, have given in- 
creased opportunity for insect pest and 
plant disease control. Many new dis- 
coveries in the field of genetics and the 
organization of our previous knowledge 
have brought that science to the point 
where it is apparently able to contribute 
materially to practical plant and animal 
breeding. The thorough and funda- 
mental researches that have recently 
been made in the field of economic sci- 
ence is preparing the ground upon 
which a rational and effective system of 
marketing and distribution of the agri- 
cultural products may be built. With 
this array of new information available 
for application in the agricultural field, 
we may with confidence lay out a pro 
gram that bids fair to far surpass the 
achievements of the past. 

While steady and continuous advance 
will no doubt be made in all fields of 
research there are certain fields in which 
the opportunities will undoubtedly war- 
rant an increased emphasis at the pres- 
ent time. The economic features have 
lagged far behind most of the other sci- 
ences. The increasing appropriation to 
be devoted to this field under the new 
Federal Fund, together with the rapidly 
accumulating body of facts from which 
deductions may be made, warrants the 
stressing of the opportunity in this line. 
The greatest handicap to the develop- 
ment is undoubtedly the lack of a suf- 
ficient body of adequately trained men 
to gather this information and interpret 
the results. 

The whole breeding problem, both 
plant and animal, is in a position to 
warrant a very decided increase in its 
research activity. Up to the present we 
have worked almost entirely with the 
plants and animals bequeathed us by 
past generations. There should be in- 
creased effort in plant and animal intro- 
duction for the purpose of testing their 
possibilities of domestication, but more 
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especially for their possibilities of con- 
tributions through hybridization in the 
development of still more economic and 
productive plants and animals. Breed- 
ing for resistance has only just been ini- 
tiated. Many of these wild strains may 
contribute possibilities of resistance to 
different diseases or pests, as the case 
may be, that may make them extremely 
valuable. The plants and animals of the 
future must be more highly resistant to 
many factors and especially to those for 
which no other method of protection has 
as yet been developed. Cabbage resis- 
tant to yellows, one of the most destruc- 
tive of cabbage diseases, is already an 
established fact. Corn resistant to smut 
is now growing in experimental plots. 
Wheats resistant to different strains of 
rust have already supplanted less resis- 
tant varieties. There is a tremendous 
field for accomplishment in all these 
lines. 

In the field of farm machinery, build- 
ings, highways and in the use of elec- 
tricity there is an excellent opportunity 
for research that is just beginning to be 
appreciated. We are expending nearly a 
billion dollars annually building high- 
ways. The research necessary to deter- 
mine the methods and materials to em- 
ploy in the construction of a permanent 
and satisfactory highway were not even 
started when this enormous building 
plan was inaugurated. The best we can 
hope is that we will know how to build 
a road by the time that we have the most 
of them built. This might well be cited 
by the pessimists as one of the outstand- 
ing examples of the inefficiency of 
democracy. 

The losses from insect pests and plant 
and animal diseases annually run into 
hundreds of millions of dollars. The 
additional sum annually expended in 
holding their destruction in check is a 
heavy drain on the profits of the agri- 
cultural enterprise. There will undoubt- 
edly be a tremendous advance in the 


efficiency and economy of the contro) 
methods, but equally important, if ; 
more valuable in the long run, wil] }, 
the possibility through added knowleda 
of biology and the use of more efficien; 
control methods of entirely eliminating 
certain of the outstanding pests and 
eases through eradication methods. 

Few realize the contribution to 
general welfare of the eradicatior 
grams already carried out or under way 
These, combined with an adequat 
method of preventing introduction 
further pests and diseases, have be 
large factors in enabling the farmers 
America to compete successfully wit 
those of other nations. 

This nation has been a very large « 
porter of meat and meat products larg 
because it has been the leading count. 
in the world in protecting its live sto 
from destructive diseases. The eradi 
tion from this country of an introdu 
outbreak of haemorragic  septicer 
marks the beginning of this work a 
the founding of our Federal Bureau 
Animal Industry. The quarantining 
the tick-infested areas and the eradica- 
tion of the Texas fever of cattle from 
two thirds of the original infested area 
in the United States has been a wonder- 
ful achievement, and apparently the day 
of the elimination of this disease is 1 
far distant. The eradication of tubercu 
losis from the herds of this country 
started but a few years ago, but is a 
ready under headway in every stati 
the Union, with one possible exception 
The eradication of tuberculosis in catt! 
has resulted in the reduction of this dis 
ease in hogs, in chickens and in human 
beings. It was not started as an eradl- 
cation program, but the possibility of 
carrying control to the point of er 
cation developed and the stock men hav: 
been so thoroughly impressed with its 
benefits that they are constantly demand- 
ing larger appropriations that the work 
may proceed more rapidly. 
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The entire eradication of citrus canker 
from the commercial citrus area of 
Florida at a time when it was threaten- 
ing to entirely eliminate the industry 
from that region is one of the most strik- 
ing and encouraging examples of plant 
disease eradication work ever accom- 
plished. The successes in these fields 
warrant the conclusion that with the 
development of more biological knowl- 
edge and better methods and processes 
a very large number of new eradication 
programs may be undertaken in the near 
future. 

The American Foul Brood of the 
honey bee is the most destructive handi- 
eap to that industry in this country. 
Recent discoveries in its biology and in 
methods of distribution have shown that 
it is entirely possible to eliminate it 
from a region. The ox-warble, the grub 
in the backs of cattle which bore holes 
through the hide, ruining it for leather 
and causing serious losses to growing 
eattle, is another pest that can be easily 
eradicated. New and more efficient 
methods of destroying these grubs have 
recently been discovered and are being 
perfected. With only a little more re- 
search work, methods will undoubtedly 
be perfected which will make it possible 
to put on a campaign and entirely elimi- 
nate this serious overhead on the live 
stock industry. The cotton boll weevil 
feeds only on a single plant in our ter- 
ritory and removal of that plant for a 
period of two or more years could easily 
be earried out. This country will un- 
doubtedly be divided into zones, and 
eradication of this pest undertaken some- 
time in the future. The eodling moth is 
entirely dependent on the fruit of the 
apple and the pear for its existence. A 
little further development of methods 
will make it possible to take advantage 
of years of serious frost damage to elimi- 
nate this pest from commercial apple 
growing regions. The loss from these 
two insects is more than the entire profit 
to the producers at the present time. 


There are a large number of other insect 
pests, a certain number of plant diseases, 
a number of animal and no 
doubt a considerable number of seriously 
injurious weeds that might be eradi- 
eated when the programs to 
this end have been perfected. 

From the foregoing brief summary of 
opportunities there is evidence that agri- 
cultural research has an almost unlim- 
ited field and that its contribution will 
be limited only by the funds available 
for its prosecution. As been 
pointed out, this must be subsidized by 
the state, the nation or by the industry 
affected. In the case of agricultural re- 
search, owing to the that the in- 
erease of agricultural production is for 
the benefit of the entire nation, it should 
be nationally supported. Money appro- 
priated to research should be considered 
as one of the best investments possible to 
make from the standpoint of insuring 
national growth and prosperity. A 
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study of the history of nations will show 
that their growth in the past century has 
been almost directly proportional to the 
amount of money that has been expended 


for education and research. For educa- 
tion must be recognized as a preliminary 
requisite to research from two stand- 
points—first, the universal education 
which raises the intelligence of the 
masses, thereby enabling them to grasp 
and use improved methods, and secondly 
the advanced education which is abso- 
lutely essential in the training of the 
research men. Much time could be prop- 
erly spent in discussing this feature. If 
one will compare the development of 
Japan with that of China, of Germany 
with that of Spain, or the development 
of this country with that of her sister 
republics to the south, he will recognize 
that the money expended by these gov- 
ernments in education and the applica- 
tion of research to agriculture and in- 
dustry has been most wisely expended 
from the standpoint of actual financial 
returns in income to the nations, to say 
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nothing of the prosperity and intelli- 
gence of the peoples. 

It must also be recognized, in this con- 
nection, that leadership is the prime 
requisite to success in fundamental re- 
search. A man of vision, of inquiring 
mind, imbued with the real spirit of the 
scientist, which is public service—the 
service of mankind—is the only capable 
leader in an investigational field. Equip- 
ment and environment are more or less 
necessary, but these can be purchased— 
the man must be found. 

Great contributions to world progress 
in the generations past have been made 
by relatively few men and this will al- 
ways be true. There are literally thou- 
sands who can effectively work out 
details, expand ideas and trace relation- 
ships, where there is one individual who 
is capable of freeing himself from the 
shackles of the accepted, who is willing 
to leave the beaten path and actually ex- 


plore, who holds all information as rela- 
tive and subject to investigation, who is 


capable of creative work, who can 
analyze and evaluate factors and inter- 
pret results. An architect with a master 
mind visions the great cathedral; hun- 
dreds of workmen, stonecttters, car- 
penters and masons work out the details 
and bring the structure to completion. 
Not one of these workmen, however, 
could have conceived the structure. 
Without the master mind it would never 
have existed. 

It should also be borne in mind that 
for the type of research that has been 
outlined, there is need of thorough 
training and that we must see to it that 
our educational institutions offer oppor- 
tunity for this type of training to all 
who seek it. There has been in the re- 
cent past too much of a tendency in 
many of our institutions to stress the 
practical side of their training and to 
neglect the broad fundamentals. We 
must remember that in agriculture, es- 
pecially, the farmer is not an artisan to 
be minutely trained in the details of 
one special craft. He is rather the man- 
ager of a broad and varied enterprise 
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which requires continued adjustment ; 
meet varying conditions. If he is 
highly successful, he must be br 
trained and depend very largely f 
suecess on his ability to reason rat 
than upon his obedience to precept. 

In this connection it is well to 
sider another biological law—that 1 
is no standing still in nature—that 
living things are either growing a1 
veloping, or decaying and approaching 
dissolution. This is as true of the s 
organization as it is of the individual] 
A nation must either continue to er 
and develop or the germs of decay \ 
be gradually infiltered into its body | 
tic and its final end will be only a ques 
tion of decades or at the most a 
centuries. 

The time has arrived when America 
if she is to hold her place among th 
forward-looking nations, must recogn 
her dependence upon research and pro- 
ceed at once to organize her scientif 
forces to attack the problem at hand and 
especially to encourage scientific investi- 
gation and development in agriculture 
and industrial lines tending towards 
national development. This nation 
to-day coming to be recognized as 
leader among the nations of the world 
It is a position which carries great op} 
tunity and still greater responsibilit 
The foresight of our forefathers in esta! 
lishing universal education and a wis 
policy of national development hav 
given us this opportunity. That educa 
tional foundation was laid at a time 
when it was a serious financial burden 
the growing colonies. The wisdom 
that policy has, however, been abun- 
dantly demonstrated. Will the leader 
of our nation at this time recogniz 
this nation is at the crossroads—that t 
abundant supply of food and raw mat 
rials which has been the basis of a 
prosperity is threatened and that it will 2. 
only be possible to guarantee its perpetu aboli 
ity by a marked increase in the support 
of the research organizations under 
which it has been developed ? 
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EVALUATING RESEARCH IDEAS 


By Dr. F. O. CLEMENTS 


GENERAL MOTORS CORPORATION, DETROIT, MICHIGAN 


Juuivus BARNES makes the statement 
that ‘‘during the last two decades, 
sience and invention have aided the 
progress of industry as in no ‘preceding 
similar period.’’ He gives the following 
interesting comparisons : 


1900 to 1920— 
Population, increase of 40 per cent. 
Food products ‘* ‘* 58 ** ** 
Mine products 
Factory products 


se ee 128 ‘é «é 
— 


ce ce 95 ce ‘é 


He further states that ‘‘there is not 
only the normal increase of an enlarging 
population and the normal increase 
which follows a resumption of the con- 


stantly advancing standard of human 
possessions, which has been the feature 
of our national growth, but there is be- 
sides the acceleration of the standard of 
human possessions by the very enlarge- 
ment of human earning power, which 
science and directing genius has made 


, 


unmistakably effective.’ 

In other words, we have greatly ex- 
panded the employment opportunities 
and made more secure the common stand- 
ard of living, which is peculiarly Amer- 
ican. We rely as never before on the 
continued service of science and inven- 
tion translated into human needs through 
the processes of large scale industry. 

Mr. C. F. Kettering, president and 
managing director of our organization, 
likes to vision this advance somewhat in 
this fashion : 


Egypt, Rome and Greece reached the highest 
stage of their development when they had the 
largest number of slaves, which increased the 
productive capacity of their civilization. Our 
own civilization has kept growing, despite the 
abolition of slavery, because of the development 


of mechanical power. Every man, woman and 
child in the United States has at his com 
mand six horse-power, or the equivalent in 
work of one hundred and fifty slaves. We do 
not recognize these slaves. Some bring water 


into the house, others bring light, some carry 
messages, and all sorts of slaves are available 
to relieve the individual of physical labor and 


discomfort. 


Incidentally, this multiplies our per 
sonality many fold. 

It is a great heritage, indeed, to be a 
native child of this favored country, 
where equality of opportunity still exists 
and men rise to great heights through 
sheer ability. 
in which new impressions crowd upon us 


We are living in an age 


so rapidly that the miracle of yesterday 
is forgotten and displaced by the still 
greater achievement of to-day 

Chart down the great inventions and 
discoveries of the quarter century and 
note the part that science and engineer 
ing have played. 

Aluminum—the Diesel 
Otto cycle, resulting in the automobile 
X-rays—radium 
the airplane 
ing pictures, ete 
every field of endeavor. 
years ago there were comparatively few 
efforts at systematized research in the 
entire country. Research, as we know it 
to-day, was an untried experiment. De- 
velopments garnered from everyday ne- 
cessities and simple observations will not 
answer to-day. The everyday world has 
become quite technical and complex—so 
much so that we can not hope to main- 
tain our position, without the assistance 
that science can render. 


engine—the 


wireless and radio 

the tungsten lamp—mov 
marked advance in 
Twenty-five 
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Research—which means ‘‘to search 
and examine with continued care ; to seek 
diligently; to search again; to examine 
anew’’—is really only organized, scien- 
tifie study to insure the purposeful seek- 
ing of new knowledge. It is essential 
that the unknown be explored; for the 
acquisition, development and application 
of new knowledge is necessary for con- 
tinuous growth. We progress through 
change—Research has been designated 
by innumerable names: ‘‘ The life-blood 
of progress’’; ‘‘the creative force of in- 
dustry’’; ‘‘the mother of industry’’; 
**the future of industry’’; ‘‘the welfare 
of the race.’’ Pasteur says, ‘‘Science is 
the soul and the prosperity of nations, 
and the living source of all progress.’’ 
If these flattering terms are deserved, it 
involves great responsibility on research 
personnel, relative to the selection of 
worth-while problems. The ancestor of 


every human action is a thought. Our 


only assets in research are ideas, and 
the thought world in which we labor is 
infinite. 

The most difficult of all questions in a 
research laboratory is the selection of 
the task and the enlisting of the proper 
cooperative effort so that the whole or- 
ganization may act effectively, until the 
problem is solved. Good judgment in 
selecting the problem is paramount. 
This task is extremely difficult, and our 
method of evaluating a device will be 
discussed at some length. A good idea 
must be measured by the actual personal 
service it can render to humanity, for 
the customer who utilizes the new devel- 
opment is the final arbiter of its fate. 
In the automotive industry our custom- 
ers’ wishes are paramount. Our entire 
research program is fixed by our inter- 
pretation of what the prospective cus- 
tomer desires. Consequently, every idea 
must run the gauntlet of public opinion. 

The automobile has probably done 
more than any other single invention 
toward educating the American people 
in mechanical ways of performing every- 


day tasks. 
duction of the automobile that peo, 
have been interested in household 
farm machinery to a constantly gr 
extent. The psychology, or style fact 
which perhaps may be reduced 
instinct for superiority, is one of th 
most important of all those connected 
with the automobile development. This 
means that the car must not only opera‘ 
simply and satisfactorily, but must als 
appeal to the buyers’ fancy from 
standpoint of beauty and comfort. 
effect of these factors on the ear « 
day is greater comfort, smoothness 
operation, good acceleration, simplicity 
of upkeep and ease of making replace. 
ment and repairs, as well as a good bit 
of beauty in body lines and color. 
Groups of trained and well-educated 
men are brought together, properly 
housed, and furnished with adequate 
equipment, and are set to work on the 
major problems of an industry. Men 
of initiative are sought, and they work 


problem, until success comes. An or- 
ganization of trained minds is vastl) 
superior to the old system of scattered 
effort, where all investigation was done 
by unattached individuals. That was 
the day of the inventor and his products 
were rarely useful, commercially. 

The ultimate object of all research is 
twofold : to increase the earning capacity 
of the corporation or individual, and t 
fulfil the obligation of all really impor- 
tant business organizations; to contrib- 
ute something constructive to society 
There can be no excuse for unsound 
ideas. Engineering really came int 
being, when men substituted exact meth- 
ods of measurement for guesses and 
opinions, and it is on the foundation 
exact facts that big industry must build 
to survive. Engineering research ap- 
plies ways, means and methods that 
science has developed to observe, exper!- 
ment, measure and verify facts. T 
count is a modern practice: the ancient 
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method was to guess; and strange to say, 
when numbers are guessed, they are 
usually magnified. 

There is still too much theorizing in 
business without proper accumulation of 
proved facts. The truly educated man 
refuses to be guided by prejudice. The 
uneducated has no other guide than 
prejudice, and material prosperity makes 
the prejudices of an uneducated man ag- 
gressively and destructively harmful to 
the social and economic life of which he 
is a part. 

Research boiled down to its essence is 
nothing but self-education. Before we 
ean direct our thoughts along profitable 
channels, we must study a problem in- 
tensively and know its fundamentals. 
Every bit of help available is focused on 
the problem at hand. The technical 
library presents abstracts of articles ap- 
pearing in the literature, representing 
the best thought of the world’s workers 
on the particular subject. There are 
untold millions of work hours stored up 
in our libraries. Sometimes it would 
seem that we have enough available data, 
and fail to utilize it to its full advantage. 
One of our secretaries of agriculture once 
said that ‘‘if we would only utilize the 
knowledge that we possess, we could 
overnight double our yield of agricul- 
tural products.’’ So the search for 
things that have been done is of vital im- 
portance. The patent art must yield its 
contribution so as to steer the study suc- 
cessfully, to avoid infringements with 
other ideas. Research must be orderly, 
to be successful. 

Knowing the importance of initiative 
and enthusiasm in research workers, we 
do everything in our power to further 
these desirable properties. Scientific re- 
search must be untrammeled and free 
from restraint. Each section head is 
allowed a certain appropriation to help 
him determine the value of an idea. 
Some prefer to make the preliminary 
caleulations on paper; others reduce 
them to small wood or metal models. If 


the idea develops well and seems sound, 
a request is made for a project appro- 
priation. Prior to a request for ap- 
proval, we try to evaluate the usefulness 
of the idea ourselves. Somewhat after 
this procedure, which applies equally to 
pure and applied science problems—for 
there is only one objective: the search 
for truth and knowledge. The thought 
first; its proving and application last. 

All research work with us reflects 
itself on the products which our cor- 
poration makes and sells. <A research 
project, to be worthy of a place on our 
program, should do one or more of the 
following things: 


(1) Reduce costs of production; 

(2) Reduce operating costs to the user; 

(3) Increase the utility of the product; 

(4) Increase its sales appeal; 

(5) Produce new business; 

(6) Determine technical information con 
tributory to some other project. 


The relative value of the proposed 
project is based largely upon the quanti- 
tative value of the analysis itself. For 
instance, our rubber research applied to 
fan belts resulted in a long-lived product 
at a reduced cost, which benefited the 
entire industry. This project, following 
this economic survey, was allocated in 
valve, somewhat on the following basis: 


10 per cent. reduction in cost of production; 

30 per cent. reduction in operating costs to 
our customers ; 

50 per cent. increased utility of the product; 

10 per cent. technical information applicable 
to related rubber projects. 


It actually worked out with a much 
larger saving in cost of production and 


influenced engine design in an extremely 
favorable way. 

All our problems are submitted to this 
type of analysis. It helps in keeping our 
work extremely practical and in insur 
ing a better utility at a lower cost. This 
project now analyzed and approved by 
the research organization goes to our 
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executives for final approval and the 
allocating of funds to carry on the work. 
Our executives are men of far vision and 
have had years of experience in the auto- 
motive industry. All our ideas after 
development into final form ready for 
production get a thorough tryout by our 
various subsidiaries, the General Motors 
Proving Grounds, or in some instances 
by selected customers. Customers have 
the peculiar habit of doing things with 
a new product that are beyond imagina- 
tion. The new device must be sound in 
principle, reliable in service, reasonable 
in cost and fill a real need. You may 
say this is putting a development pro- 
gram on a money basis—it is and quite 
properly so. I would cite you to 
Pasteur’s selection of tasks, all of which 
were fundamental in scope and still ex- 
tremely practical; we reap the rewards 
of his work more and more as time goes 
by. 

In earrying on the work, we usually 
try to vision the ideal so that we can 
establish a yardstick of performance; we 
then design, first for quality, and later 
study the simplification of the product, 
which introduces the economics. 

Our problems are mainly electrical, 
chemical, physical, metallurgical and 
mechanical. We try to contact all plant 
engineers and managers during the prog- 
ress of the work, to insure its filling an 
actual field need, and to keep the work 
practical. This contact, furthermore, 
assists materially in the early cormer- 


cialization of the development. W, 
it is necessary to follow this procedy; 


able. We have more than we can do a) 


must by necessity choose wisely. 
Pure science workers rarely; 
what end they will achieve. Wit 
fundamental studies and their « 
tive results, nothing can be intellig 
applied. Finding the use for an 
mulated fact is also research. [1 
eludes the study of the commer 
requirements and the problems pert 


ing to practical production. Results 


despite great care, are sometimes 
tangible, but after all the general pr 
uct of research is information 
most valuable things, 
founded on facts and truth econ 
small packages and usually represent 
maximum amount of hard mental la! 
A worth-while research program 
carry a goodly percentage of pur 
ence research, for it is the seed cor 
taining the program that lies just 


the magic power that is extending 1 


boundaries of every field of humar 
deavor. It affects our mental 
our entire social structure and ey 
cides the economic fate of nations 


All eredit to these faithful researc! 


workers, who toil tirelessly to add t 
sum total of human knowledge 
one thing that keeps us faithful 1 
trust is the knowledge that ‘‘trut! 
mighty, and bound to prevail.”’ 
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MODERN CARDIOLOGY 


By Dr. STEPHEN D’IRSAY 
YALE UNIVERSITY 


Tue science which deals with the heart 
and circulation in health and disease is 
ealled cardiology. Ever since the circu- 
lation of the blood was discovered by 
Harvey in 1628 attention was never lack- 
ing in the study of that fascinating 
mechanism, and this attention has in- 
ereased very greatly during late years. 
This is not surprising : the obviously inti- 
mate connection between the functions 
of the heart and the maintenance of life 
stimulate human interest powerfully and 
the purely scientific aspects of the study, 
unfolding one by one, were able to 


satisfy the most searching intellects. The 
following lines endeavor to present the 


chief advances that were made in the 
exploration of the heart in recent years 
and the principal problems confronting 
those interested in cardiology shall be 
pointed out. 

As in all fields of scientific progress, 
advance in this field too depended and 
depends chiefly upon advances in 
method : the evolution of accurate equip- 
ment and exact technique. The last dec- 
ades saw the development of a refined 
anatomical workmanship, particularly 
in that branch of anatomy which sur- 
veys the microscopic structure of the or- 
ganisms—histology. Since structure and 
form are fundamentally important at- 
tributes of organs and organisms it is 
only natural that we should consider 
first of all discoveries which have been 
made in the realm of structure by an- 
atomists and histologists. Of these, the 
discovery of a special muscle system in 
the heart was possibly of the greatest 
moment. This system consists of an ac- 
cumulation of cells near the entrance of 


the great veins into the right auricle of 
the heart, a bridge of muscular tissue 
connecting the auricles with the ven- 
tricles and ramifications of this bridge, 
spreading in fan-like fashion and en- 
veloping the interior of these chambers. 
The work of men like Sir Arthur Keith 
in London, Professors Aschoff in Frei- 
burg, His in Berlin and Dr. Tawara in 
Tokyo revealed thus the existence of a 
structure whose function is of great im- 
portance. It is now known that the im- 
pulse driving the heart on in its rhyth- 
mic action is formed in that very accu- 
mulation of cells, that this impulse runs 
through that bridge and rapidly spreads 
along the fan to every part of the ven- 
tricles. Even our naked eye shows us in 
the exposed heart how the different parts 
contract one after the other in precise 
sequence, how the blood passes through 
each section to be at last expelled 
through the large arteries. The 
tomical discovery of this bridge-system 
furnishes an admirable background for 
this successive activity: it gives the clue 
to the coordination of the movements in 
the heart. In only a few more systems 
in the human organism is anatomy so 
closely interwoven with physiology, form 
with function as it is here—the central 
nervous system and the kidneys are 
other examples; form and function 
render one another mutually intelligible 
in a very lucid fashion. 

Engelmann, the late Utrecht physi- 
ologist, advanced a workable theory con- 
cerning the fundamental properties of 
the heart muscle. According to this 
theory, the heart muscle possesses cer- 
tain qualities in virtue of which it per- 


ana- 
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forms its rhythmic contraction. These 
basic qualities are: the formation of an 
impulse resulting in a constant rate, the 
conduction of this impulse—the function 
of the muscle bridge mentioned before— 
into various sections of the heart ; the so- 
called irritability—the ability of the 
muscle to react to the impulses thus 
formed and conducted—and contractil- 
dty: the power to actually contract and 
perform work. Immediately there comes 
to our mind a fundamental—although 
purely theoretical—question: what is 
this mysterious impulse which causes the 
heart to beat in constant rhythm? The 
answer to this is by no means definite, 
but hints have been given toward the 
direction in which truth lies. A famous 
biologist of the eighteenth century, 
Albrecht von Haller, explained that the 
eause of the heart beat resides in the 
heart itself and not in nerves or other 
structures outside of it. The recent work 
of Professor Mansfeld, a Hungarian 
pharmacologist, seems to confirm the 
truth of this assertion. His experiments 
point to carbon dioxide as the constant 
normal stimulus of the heart, the same 
earbon dioxide which has been long 
known to govern the rhythm of respira- 
tion in man. 

One of the most signal achievements 
of cardiac physiology and one that 
helped most to understand the functions 
of the special muscle system—to which 
I was referring above—in both health 
and disease, was the construction of the 
string galvanometer by Professor Ein- 
thoven, of Leiden, Holland, the Nobel 
Laureate of 1923. It has inaugurated 
electrocardiography, which is now an im- 
portant and widespread method. It 
would not be amiss to discuss this phase 
briefly, in view of the clearness with 
which the bearings of physics upon mod- 
ern methods of physiology and scientific 
medicine are demonstrated. Every tis- 
sue, in animals and plants, produces elec- 
tricity when in motion. Chemical energy 
is being stored in muscle—the tissue of 
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motion par excellence. This energy 


cording to the large principle of the bi 


servation of energy) is transformed jp; 


a certain tension of the surfaces 


sur- 


face-energy ), this in turn into electrica) 


heat and mechanical energy. 
of electrical energy appears in the f 
of minute electrical currents whic 
be led off the contracting musck 
measured. The heart muscle is no 
ception. 


by such a current will vary accordi) 
the place in the muscle system 
produces it. 


upon a physical principle 
rule). 
through a conductor in a magneti 
will cause the deflection of 


f 


ductor according to the direction tal 


by the current in passing throug} 
and according to the voltage of 


current. Now, in the string 


nometer, this conductor is an extrem 


betweer 
Throug! 


thin string suspended 
powerful electromagnets. 


string passes the current generated | 


the heart and distributed along the 
tire surface of the body. 
arms and legs (representing thé 
poles of electricity produced) by 
means of electrodes of some sort 
baths, water-soaked wire and 
hypodermic needles, etc.) 

string, we lead the action current of 


heart into it, provided some other e! 


trical operations have been perforn 


This if has e 
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It, too, produces such minut: 
currents when in action and the direc 
tion and shape of the deflection caused 
that 
The method of recording 
these so-called action currents is based 
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eondition of the heart muscle in which 
the action current is formed. One sec- 
tion after another is engulfed in ac- 
tivity and the deflections of the string 
of the activity faithfully follow the 
sequence in these sections. It is clear 
therefore that every deviation in the 
normal sequence of contractions in the 
heart finds its true expression in the 
electrocardiographic record. 

Many were the discoveries made with 
this apparatus, Einthoven himself, Sir 
Thomas Lewis, in London, and Dr. Win- 
terberg, of Vienna, setting the pace in 
this series of discoveries. Great hopes 
are vested in the possibilities of the in- 
strument. Among other things we may 
expect a clear elucidation of the actual 
mechanism of both the beginning and 
the end of human life. Concerning the 
first I have in mind possible embryo- 
logical experiments along the lines de- 
veloped by Wilhelm Roux to establish 
the actual time and circumstances when 
and how the formation and conduction 
of impulses in the heart commences. 
Concerning the second, let us listen to 
an old statement. Twenty-five years ago 
Professor Nothnagel, the Viennese clin- 
ician, stated in a famous lecture that the 
immediate cause of death is always found 
in the heart.. The statement is true 
with the modification that the failure of 
respiration should be included among 
the immediate causes of death. How- 
ever, it may well be asked what the exact 
mechanism is that stops the heart. The 
electrocardiograph begins to answer this 
question. In numerous cases—both in 
human beings and in experimental ani- 
mals—a peculiar incoordinated move- 
ment of the ventricles has been observed. 
The fibers contract individually, and it 
is obvious that this prevents orderly con- 
traction and expulsion of blood. Ac- 
cordingly, the econdition—known as 
ventricular fibrillation—is incompatible 
with life. Professor Hering, of Cologne, 
who, together with Sir Thomas Lewis, 
did much to throw light upon this fibril- 


lation, suggests that it is the common- 
est mechanism of death. 

But the main practical importance of 
the electrocardiograph lies in another 
field. The outstanding service rendered 
by it was that it made us under- 
stand clearly the irregularities of the 
heart. A thorough knowledge of the 
mechanism of these disorders was the 
first step toward their evaluation and 
placing into a clinical scheme according 
to their significance for diagnosis and 
outlook. This process of evaluation is 
not at an end yet, although it is very 
well under way, e. g., we still do not 
know the meaning of the so-called extra- 
systoles: occasional beats occurring out- 
side of the regular rhythm. This too is 
bound to come. To be sure, this work 
did not wait for the electrocardiograph. 
The late Sir James Mackenzie, of Lon- 
don and St. Andrews, and the Dutch 
Professor Wenckebach, in Vienna, did a 
great deal to interpret these mechanisms, 
some of which are highly intricate and 
require sharp and concentrated thought. 
Their work was masterful and deserves 
the more credit, as it was done solely by 
the aid of simple graphic methods in- 
vented long ago by the father of graphic 
work in physiology, Marey, in Paris. 
Such graphic methods are the recording 
of the arterial pulse and the pulse of the 
great veins on the neck. It is admirable 
to what extent complicated events were 
disentangled by simply analyzing the ar- 
terial and venous pulse. However, 
these efforts needed the exact and final 
confirmation of the electrocardiograph. 
This instrument enables us to discrimi- 
nate very nicely between the various ir- 
regularities and standardize them, so to 
speak, whereas a few decades ago they 
were all thrown together. While for- 
merly all of them were looked upon as 
serious disturbances, now we know that 
some might be serious, while others do 
not threaten life. A reorganization of 
treatment follows in the wake of these 
findings. Electrocardiography made 





448 


great strides in America: the technical 
work done here excels the accomplish- 
ments of most other countries. Thor- 
ough physical and mathematical analysis 
had, of course, to precede any attempt 
to construct and operate string galva- 
nometers and in this direction—besides 
Einthoven—the lead was taken by Pro- 
fessor Williams, of Columbia, who de- 
vised the most perfect electrocardio- 
graph in existence. String galvanom- 
eters—which are manufactured in the 
United States, in England, France and 
Germany—now form a standard and in- 
dispensable equipment of large hospitals 
and physiological laboratories. 

While electrocardiography is engaged 
in discovering the formation and con- 
duction of the motor impulse but does 
not study the process and results of the 
actual contraction of the heart as a 
whole, another branch of cardiology— 
cardiodynamics—is interested in the 
latter phenomena. It studies and tries 
to establish the rules under which the 
heart as a whole maintains its pumping 
activity. The aim of all natural science 
is to achieve a quantitative basis for all 
recorded events, and this aim has been 
successfully approached in this difficult 
territory. The best recent work in this 
field has been done by the late Professor 
Tigerstedt, of Helsingfors, in Finland, 
Drs. Frank, in Munich, Starling, in Lon- 
don, and Wiggers, in Cleveland. The 
problems they investigate are the dura- 
tion of the whole or of certain parts of 
the eardiae cycle, pressures and changes 
of volume in the chambers of the heart 
and how the output varies under all 
kinds of conditions, together with the 
variations of mechanical energy that lead 
to such changes of output: to give an 
idea as to the nature of this work. It 
was possible, in the end, to develop a 
mathematical formula which expresses 
the work done by the heart during each 
one of its cycles in an adequate and con- 
cise fashion. This remarkable achieve- 
ment, which can not very easily be multi- 
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plied in other departments of phys 
ology, is due to precise technique. Met! 
ods of approach to dynamic problems 
are many and interesting, and they ir 
erease in number since Langendorff. , 
Rostock, and Starling—to mention but a 
few—taught physiologists how to ke 
an isolated mammalian heart aliy 


from all chambers of the heart as we!l! 
as from the large vessels; and dyn; 
problems have been extended from 
heart alone to the circulation as a unit 
Determinations of the blood flow 
limbs and surviving organs or in 
whole body; the effect of nervous influ 
ences and internal 
phases of the circulation and vari 
other sets of problems may be classe: 
within cardiodynamics with 
seope. Interest in certain organs 
been revived in this connection. 1] 
capillaries, although forming the bulk 
blood-conveying tubes in the organisn 
their cumulated cross-sections being very 
much larger than that of the 
arteries—have long been neglected. R 
cently Professor Krogh, of Copenhager 
thoroughly investigated the working cor 
ditions of these minute but extremely) 
important tubes, discovering their i1 
pendence and self-regulation according 
to the needs of the special organ w! 
they feed. It is ultimately in the cap 
laries that the exchange between tissues 
and blood takes place, and the supply « 
tissues with oxygen and other substances 
of nutrition depends in no small degree 
on the way they are working and the 
conditions they are in. 

I mentioned the perfused heart. The 
problems presented by such hearts 
cold-blooded or mammalian—are innum- 
erable. The human heart has been kept 
alive by the means of artificial perfusion 
fluids, by Kuliabko, of St. Petersburg 
The chemical and physical conditions 
necessary to the normal rhythm, condue- 
tion of impulse and dynamie work of th¢ 
mammalian heart have been investigated 


secretions w 


enlarged 
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one by one with success. The latest con- 
tribution to our knowledge concerning 
these conditions comes from Professor 
Zwaardemaker, of Utrecht, who demon- 
strated that radioactive substances are 
interchangeable in the nutritive perfus- 
ing fluid. This elegant work adds 
greatly to the elucidation of the broad 
and fascinating problems of relations be- 
tween chemical constitution and physio- 
logical function. It is needless to add 
that information of this kind is the foun- 
dation of all scientific pharmacology and 
clinical application of drugs. 

The evaluation of the various cardiac 
drugs has also been markedly advanced 
with the advent of the perfusion meth- 
ods. Of these drugs digitalis stands in 
the center of interest ; its possibilities are 
by no means exhausted, although about 
a hundred and fifty years have passed 
since its usefulness was discovered by 
the English physician, Withering. The 
action of digitalis and the other so-called 
digitalis bodies (such as strophanthus, 
ete.) upon various circulatory functions 
have been investigated over and over. 
These substances exert influence upon 
the width and adaptability of the walls 
of vessels, upon the nervous centers regu- 
lating this and the rate of the heart. 
upon the amplitude of contraction and 
expansion, upon the output of blood: as 
we see, an influence which is widespread 
and constant. An immense amount of 
experimental work has been done con- 
cerning this famous drug—one of the 
six really great drugs in the estimation 
of Sir William Osler—and observations 
on man have been piled up. Nevertheless 
there is no standardized method of grow- 
ing the plant from which it is derived 
(Digitalis purpurea, or the recently dis- 
covered variety Digitalis lutea) under 
uniform conditions or of administering 
it under strictly uniform, scientific rules. 
In this direction there have been many 
and valuable efforts on the part of in- 
vestigators like Drs. Cushny, of Edin- 
burgh, Eggleston, of New York, and 
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Edens, of Munich. Still, the problems 
to grow plants containing the drug in 
known amounts and of standard quality, 
to extract the chemically and physiologi- 
cally active alkaloid from the leaves and 
to isolate it and to establish definite rules 
in treatment, are still unsolved. As digi- 
talis is the most powerful drug in the 
therapy of heart disease, interest in it 
will never be lacking and these problems 
are certain to be solved in the near 
future. 

There is another point to be noted in 
connection with therapeutic researches 
in this ease and that is that digitalis acts 
only on hearts that fail to do thei: 
normal work (which are, in other words, 
physiologically insufficient) and 
that are hypertrophied, increased in size, 
an observation which directs a rational 
approach in the experiment. Another 
fact came to the surface, and that is that 
the action of this substance—and also of 
many others—depends to a great extent 
on the chemical composition of the blood, 
most particularly on its chemical reac- 
tion (to use modern scientific parlance: 
its hydrogen-ion concentration It was 
even found that the bottles containing 
digitalis extracts influence the efficacy of 
these extracts on account of the minute 
amounts of alkali given off from the 
glass. 

The pathological anatomy of the heart, 
too, has made decided progress. In this 
field research centered around such ques- 
tions as: what are the morphologically 
recognizable diseases of the special mus- 
cle system and what is the anatomical 
picture that corresponds to the condi- 
tion known as heart failure. This latter 
problem is closely interwoven with in- 
quiry into the true anatomical features 
of hypertrophy and dilatation of the 
heart. In these investigations the lead- 
ers are Professor Aschoff, of Freiburg, 
and the late Professor Ménckeberg, of 
Strasbourg. It comes to be recognized 
that the hypertrophy of the heart does 
not mean merely a quantitative increase 


those 
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in the number of fibers constituting mus- 
cular tissue, nor is it a simple increase 
in their size: if such were the case, hy- 
pertrophy of the heart would be just as 
physiological as the hypertrophy of any 
hard-working muscle. We would not 
understand why such a quantitatively 
strong muscle would give way all of a 
sudden. But hypertrophy of the heart 
muscle is in a sense always pathological : 
the intricate metabolism of the fibers is 
injured and anatomical proof is forth- 
coming of this injury. Anatomical re- 
search also pointed out another fact of 
great importance, to wit, that an infec- 
tion, if it damages the heart at all, dam- 
ages all its layers and that no individual 
structure (the inner lining alone or the 
muscle alone, ete.) can undergo injury 
while the others remain untouched. 


This fact was suggested some time ago 
by Professor Krehl, of Heidelberg, and 
it is universally recognized now that in- 


fections leave their anatomical traces in 
every structure of the heart simultane- 
ously. Knowing that infections are the 
commonest cause of heart disease, we can 
not overestimate the importance of this 
finding. The advances made in all fields 
of scientific cardiac research have been 
summed up recently in a group of mono- 
graphs and larger works. Professor 
Monckeberg and others, in a monumen- 
tal cooperative work, have put before us 
all angles of the pathological anatomy 
of the heart, a task which has been car- 
ried out for the physiology of that organ 
by Professor Tigerstedt and for the nor- 
mal anatomy by Dr. Tandler, of Vienna. 

Clinicians, if they set themselves scien- 
tifie ideals, require exact knowledge of 
the working of each organ: they wish 
to know every function of the organ or 
system under investigation and they 
must have quantitative data. Results 
of physiology are translated into terms 
used in bedside work and adapted to give 
the clinician the quantitative informa- 
tion concerning each function which he 
requires. In this effort, primary atten- 
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tion has been given to the so-called func. 
tional diagnosis. The methods furnish- 
ing handles for such a functional diag- 
nosis of the heart are ever increasing in 
number. We may state some of them 
briefly. One is the Réntgen ray. Her 
one of the most original and fruitful in- 
vestigators is Dr. Vaquez, of Paris 
Exact estimations of the size of the heart 
do not confine themselves any more to 
an area, a two-dimensional system, but 
cover the organ in all three dimensions 
in more or less successful attempts 
Moreover, very recently, Dr. Cohn, of 
the Rockefeller Institute, introduced a 
kinematographie method registering the 
movements of the borders of the heart 
shadow. Thus, the X-ray method be 
comes a true dynamic and physiological 
method, following the movements of a 
restless and ever-moving organ, and does 
not merely furnish anatomical data. An 
other method of importance for the clini 
cian is the electrocardiograph of which 
I have spoken above. A third is the 
estimation of the blood-pressure which 
branches out into various elaborate col- 
lateral methods. A fourth is the micro- 
phonic or optic registration of the heart 
sounds. A fifth endeavors to estimat: 
the rapidity of the circulation, the flow 
of the blood and is closely related to 
methods aiming to evaluate the output 
of the heart per each stroke or per time 
unit. The most recent and promising 
contribution in this particular field 
comes from Drs. Henderson and Hag- 
gard, of Yale University. It would be 
easy to enumerate indefinitely the ways 
and means of approach which are de- 
signed to clear up one or another phase 
of the circulation in the living human 
being, in which after all physicians and 
publie are primarily interested. There 
are great difficulties in the precise evalu- 
ation of the function and work of the 
heart. These difficulties are due first of 
all to our inability to discriminate be- 
tween the individual functions and to 
put each one of them on a strictly quan- 
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titative basis. Should this at last be 
achieved, the next step would be to in- 
tegrate them up into the complex system 
of operations known now as heart-func- 
tion. And it might be stated here that 
this course could be followed more read- 
ily should there be a great cardiologic 
center in which all effort is concentrated. 
A center like this ought to provide facili- 
ties for anatomical, physiological and 
clinical studies, all of them tuned to- 
gether, where the viewpoints in research 
would be complementary, instead of 
being mutually exclusive and where 
every clinical observation and anatomi- 
eal finding would be supplemented by 
physiological experiment. The best place 
of course for such a central station would 
be a large city, with abundant available 
material of all sorts. 

Where and what are the outstanding 
problems for the future? I have men- 
tioned that of functional diagnosis and 
the difficulties with which it is fraught. 
Another one is the famous question of 
the reserve power of the heart and its 
adaptability to the varying needs of the 
organism. The determining factors of 
this reserve power are not exactly 
known. Of chemical factors, there has 
been some indication that grape sugar 
might be one. These conditions, how- 
ever, are very intricate and hang to- 
gether with fundamental and remote bio- 
logical problems. Again another prob- 
lem is that of the ‘‘peripheral heart’’: 
the role of the arteries and capillaries 
in the propulsion of the blood, their ac- 
tion in counterbalancing, evening out 
and supplementing the work of the heart 
itself and so on. We shall be compelled 
to study the circulation as a whole with- 
out detaching arbitrarily one solitary 
phase of it. 

On the practical side, doubtless the 
problem of the greatest importance is 
that of endocarditis. As I have already 
mentioned, it is now universal knowl- 
edge that the larger part of heart disease 
and certainly nearly all of it in young 
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people is due to infection. Infection 
originally of an everyday and common 
character—tonsilitis, dental infection, 
ete.—begets an inflammation of the lin- 
ing and musculature of the heart and 
with this commences the long train of 
chronic disease involving much suffer- 
ing. Not only that it precipitates, but 
infection also maintains and aggravates 
this inflammation, interferes with the re- 
serve power and adaptability of the 
muscle which is trying to grapple with 
the obstacles set by diseased valves. It 
is not fatigue and exercise but recurring 
infections which jeopardize recovery and 
cripple the cardiac patient again and 
again. This problem appeals first to 
the bacteriologist, who will try to estab- 
lish the causative microorganisms of dis- 
eases which notoriously accompany acute 
cardiac infections, viz., rheumatism of 
the joints, hoping thereby that this will 
lead to the discovery of some specific 


organism being responsible for the ecar- 


diae infection itself. It seems probable, 
however, that the germs in question are 
not very specific, but that they belong to 
the great class of strepto- or staphylo- 
cocci. Furthermore, it seems likely that 
the center of the problem lies not so 
much in the identification of the germs 
but in the discovery of certain chemical 
conditions which render cardiac tissue 
less resistant to their attack in some 
eases of ordinary infections than in 
others. The field here belongs to the ex- 
perimental pathologist with his perfu- 
sion method and chemical as well as 
physico-chemical technique. Secondly 
the problem appeals to the specialist in 
public health whose task is the preven- 
tion of these ordinary everyday infec- 
tions by means of education, dispen- 
saries, dental supervision and periodic 
health examinations. Insurance com- 
panies could very well take a hand in 
the campaign. It is well to realize that 
about one sixth of the world’s total mor- 
tality is due to cardiac disease and it is 
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equally well to realize that the majority 
of this enormous number concerns young 
and otherwise healthy people whose un- 
timely death is great economic loss and 
inestimable damage to the community. 
The tragedy of acute cardiac infections 
can and should vanish from the earth. 
There is another great contingent of 
cardiac mortality and that is due to 
arteriosclerosis. Much has been said 
about the dietary factors concerned in 
the production of this disease, but noth- 
ing definite has been attained. We 
should be more careful about blaming 
our heavy meat diet for its prevalence, 
knewing that Sir Mare Armand Ruffer 
has found arteriosclerotic changes in 
mummies dated from the times of the 
twentieth dynasty. The same finding 


should also be a warning against the 
idea that neurasthenia, occasioned by a 
strenuous modern way of living, is a 


fundamental factor. Anatomical re- 
search has revealed many an interesting 
point about this disease, nevertheless 
more fruitful results may be expected 
from an entirely different line of inquiry 
into the causes of arteriosclerosis. The 
suprarenal glands with their- constant 
pouring of blood-pressure raising adre- 
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nalin into the blood-stream suggest eon. 
ditions in which the production of th; 
hormone might be increased. Here js g 
real possibility of discovering links be. 
tween certain nervous conditions, |] 
some forms of neurasthenia and arteria| 
disease, for the influence of the nervyoy 
system upon the various functions of th, 
adrenal glands has been conclusive] 
shown, amongst others by ; 
Cannon, of Harvard. This task shou] 
be divided between the statistician and 
the experimental pathologist. 

It is a long ery indeed from Harv: 
to the wonderful laboratories of the ma- 
turing twentieth century, from th: 
methods of simple observation to exact 
physical and mathematical analysis 
Very much has been done in cardiolog 
and our final conclusion must acknow] 
edge that the materials are at last as 
sembled with which to reap great results 
These are now, to a great extent, hang- 
ing in the air, being in the second stag: 
of knowledge according to Plato's 
‘*Theaethetus,’’ for their connections 
are more or less known and the tasks ar 
entirely clear. Thus it may be expected 
that the next half century will witness 
their realization. 


Inn t 
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EXPLORATION OF THE POLES OF WIND 
ON OUR PLANET 


By Professor WILLIAM HERBERT HOBBS 
UNIVERSITY OF MICHIGAN 


THE present year is to be marked by 
an extraordinary revival of interest in 
the exploration of the Arctic. One of 
the great Arctic explorers stated to me 
some weeks ago that he already knew of 
thirteen Arctic expeditions in prepara- 
tion, some of them not yet made public. 
These expeditions represent several pur- 
poses, and a number of them have for 
their main objective the exploration of 
the world’s largest and most inaccessible 
unexplored area off the coast of Alaska 
in the direction of the North Pole. 
Effort should not be relaxed until this 
blank area upon the map of the world 
has been made known. 

Studies in other regions already par- 
tially known can make exceedingly im- 
portant contributions upon fundamental 
problems of science which can be satis- 
factorily solved only within the regions 
explored. One such region is that of 
Greenland to the eastward of the great 
unknown area north of Alaska. If 
certain studies in Greenland, for in- 
stance, are successfully carried through, 
they will be of great practical as well as 
scientific importance, for what I have in 
mind is nothing less than the careful 
observation of the origin of the storms 
of the North Atlantic and Europe in the 
eradle where they begin their existence, 
and in the same early stage of their ca- 
reers the icebergs which are such a peril 
to the navigation of Atlantic waters. 
Northern storms and northern icebergs, 

1 Broadcast from Station WCAP, Washing- 
ton, D. C., under the auspices of the National 


Research Council and Science Service and the 
direction of Mr. W. E. Tisdale. 


the great perils in the navigation of the 
north Atlantic, alike have their breeding 
ground in the great flattened dome of ice 
which like a gigantic white cap covers 
almost the entire continent of Greenland 

-an area fifteen hundred miles in 


length, with an average breadth nearly 


one half as great. 

This vast area, which in 
closely resembles the back of a watch, is, 
with the exception of the even larger but 
similar Antarctic ice-cap, the most per- 
fect desert to be found anywhere on the 
face of the globe. It is a desert waste 
at an average elevation of nearly two 
miles above the sea, where one travels 
for days on end and sees only the level 
surface of the snow beneath and the sky 
above, and over this vast expanse no 
trace of life has been found. Such a 
snow-mantled ice surface little in 
common with that of the frozen Arctic 
sea on which the late Amundsen and 
MacMillan expeditions attempted to 
land with seaplanes, but without success 
This sea-ice surface is that of a jumbled 
collection of ice-rafts or ice-floes which 
are joined to each other by ridges of ice 
hummocks, each floe too small to provide 
a safe landing field. The unique hope 
for a safe landing with a seaplane is to 
discover one of the lanes of open water 
which occasionally appear for a brief in- 
terval to suddenly close accompanied by 
terrific grinding pressures and the for 
mation of more pressure ridges. 

By contrast, the surface of the ice-cap 
of Greenland, except within a relatively 
narrow and steep marginal zone, is al- 
most as flat and even as a ballroom floor, 


form most 
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and it stretches away for hundreds of 
miles. Lieutenant Commander Byrd, of 
the last MacMillan expedition, flew for 
about forty miles in a Loening amphib- 
ian plane over the berderland of the ice- 
cap in northern Greenland, and he re- 
ported that except in the neighborhood 
of the edge he could have landed any- 
where without difficulty. 

The coldest place on the globe is not, 
as popularly supposed, the North Pole. 
The winter temperature at the North 
Pole is certainly quite warm if compared 
to that of Siberia or southern British 
America. In fact, throughout the long 
winter season at points along the coasts 
of these barren land areas the winds 
which blow from the direction of the 
North Pole are the warm ones, while 
those from the south are correspondingly 
cold. The coldest place where tempera- 
tures have been measured throughout 
the year is located in Siberia, but it is 
certain that in the heart of Greenland 
and of the Antarctic the winter cold is 
much more intense, for even in the midst 
of summer the mid-Greenland air tem- 
peratures have been found to be more 
than 30 degrees below zero. It is there- 
fore of prime importance to find out 
more about the air conditions over 
Greenland. One of the several polar 
expeditions which are being organized 
this year, that of the University of 
Michigan, has been planned to study 
carefully the meteorological conditions 
of this very critical and significant area 
by establishing and maintaining for a 
year a number of weather observing 
points connected by short wave length 
wireless communication. 

It is this intense cold of the interior 
area of Greenland which is responsible 
for the havoe-making storms that issue 
from its margin. Winds are due to dif- 
ferences of temperature at different 
places upon the surface of the earth. 
Along the belt of the equator there is, 
so to speak, a great furnace, and within 
this belt the heated air rises and passes 


off at high levels northward and south. 
ward toward the poles. The intense); 
cold ice-caps of Greenland and the Ant. 
arctic are by contrast the refrigerators 
of the earth above which the high ey; 
rents of air which have traveled from th, 
equator are sucked down and drained 
as though through a gigantic shaft, a) 
from the bottom of this shaft they 
poured out in all directions toward 
margins of the ice-cap to make their r 
turn to the furnace on the equator, thus 
making of our air circulation a complet 
circuit. 

The mechanism by which this pol 
refrigerator of Greenland operates is i: 
part at least quite simple. As the air 
immediately over the surface of the cold 
ice-cap is cooled, it contracts and be- 
comes heavier and so slides outward 
upon the surface of the dome for t 
simple reason that a dome everywher 
slopes toward its margin. Such a drain 
ing off of the air from the ice-cap wit! 
the indraft above and the downdraft 
about its axis, is called the Greenland 
glacial anticyclone, and it constitutes th: 
northern wind pole of the earth as the 
Antarctic does the south pole. 

Outside the ice-caps of Greenland and 
the Antarctic the weather at any pi: 
may be said to be imported through th 
agency of the migrating whirls in thé 
atmosphere known as ‘‘lows”’ 
‘*highs’’; but by contrast the weather 
over the ice-caps may be described i 
terms now familiar to every one as 
**home-brew.”’ 

The discoverer of the law of constant 
down-slope winds above the Greenland 
ice-cap was Admiral Peary, at the time 
when he made his remarkable sledg 
journeys across its surface in 1886, 1592 
and 1895. He was much surprised t 
learn that, quite independent of the in- 
dications of his barometer, the wind al- 
ways blew nearly in the direction of th 
slope of the ice surface. If he was 
climbing a slope the wind was sure to b 
in his face, and if descending the wind 
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always came from behind him. The 
effect was the same as though a liquid 
were flowing by gravity off the dome- 
shaped surface toward the sea about its 
margin. 

Qne may produce such an anticyclone 
on a very small scale by a very simple 
device. In a glass globe such as is in 
common use for gold fish a copper tank 
of domed form is placed, and into this 
tank ice-water can be poured. On a per- 
forated platform above the tank is 
placed a lighted cigarette. When the 
tank is empty the smoke from the cigar- 
ette curls upward in the usual manner, 
but so soon as ice-water is poured into 
the tank the smoke is observed to be 
sucked downward in a whirling vortex 
and to slide downward and outward on 
the domed surface. 

The most important feature of the 
Greenland anticyclone, and that which 
produces the great storms, could only be 
illustrated by an experimental device on 
the same vast scale as the ice-cap itself. 
We are living in an automobile age and 
from our experience with inflated tires 
we all know that air is warmed when 
compressed or cooled when allowed to 
expand. As the air on the glacier sur- 
face slides downward toward the margin 
it is compressed and warmed under the 
increased pressure from overlying air, 
and when this air in sliding outward has 
attained hurricane velocities it is so rap- 
idly warmed as to stop its own motion 
which was due entirely to the fact that 
it was previously being cooled. That 
small element of the hurricane which 
finds its way down to the fjords on the 
borders of Greenland and is there re- 
corded at the Danish weather stations 


ends in a brief warm and stifling atmos- 
phere like that characteristic of the 
**chinook’’ along the east slopes of the 
Rocky Mountains, and both are due to 
the same cause. At the higher levels 
the storm passes outward with its full 
velocity. The ‘‘lows’’ on their way east- 
ward from the United States to the coast 
of Europe, if they pass Greenland 
before the storm has developed over 
the ice-cap, reach Europe in a dying 
condition because they have expended 
their whirling energy on the long jour- 
ney across the Atlantic. If, however, 
they pass into the neighborhood of 
Greenland when the storm from the 
ice-cap is in full swing, its energy is 
poured into the ‘‘low’’ and transforms 
it into a storm the violence of which de- 
pends directly on that of the hurricane 
over Greenland. The storms which a 
month since caused such losses of life 
and property and brought such heroic 
American seamen into deadly peril of 
their lives, are examples of what the 
Greenland anticyclone is capable of en- 
gendering. 

Such knowledge as we now have of 
the exact dates when storms have passed 
outward from the margins of Greenland, 
and of the dates of arrival of violent 
storms in western Europe, show that 
several days must elapse from the time 
when the winds pass outward from 
Greenland before the storms arrive on 
the European coast. It is confidently 
expected that with wireless equipment 
which the new weather observing sta- 
tions will have in Greenland, forecasts 
of the Atlantic and European storms 
can be made so as to give warning one 
or more days in advance. 


HOW EARTHQUAKES ARE LOCATED 


By Commander N. H. HECK 
U. 8. COAST AND GEODETIC SURVEY 


WHEN an earthquake occurs on land, 
we usually know before long just where 
it occurred and where the greatest 


amount of damage was done or where it 
was felt with the greatest intensity. 
This is not always the case and some- 
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times even when the reports are complete 
and an investigation has been made, it 
is hard to tell where the effect was the 
greatest. The Quebec earthquake of 
February, 1925, was a case of this kind. 
There are, besides, many parts of the 
earth where communication is very un- 
certain. For example, no details were 
known of the great earthquake in Cen- 
tral China in 1920 till a visit to the re- 
gion some years later by a Gobi Desert 
expedition, though seismologists knew 
that it had occurred and its approximate 
position and intensity. 

If there are difficulties in knowing 
where an earthquake occurred on land, 
what can we expect to do with the 
greater number beneath the sea? Occa- 


sionally a ship happens to be directly 
above the place where it occurred, or in 
the near vicinity, and at times great 
seismic or tidal waves sweep in on the 
If these come from a great dis- 


shore. 
tance they are not much aid in locating 
the earthquake. Sometimes a very great 
earthquake, the waves from which go 
entirely around the earth, occurs beneath 
the sea; and with no ships in the region 
and no seismic sea wave no human being 
ever received through his unaided senses 
any knowledge that there was an earth- 
quake. This does not mean, however, 
that such an earthquake is not located. 
Every few weeks a statement appears 
in the newspapers that the seismograph 
station at Georgetown, Harvard or Hon- 
olulu reports that an earthquake oc- 
curred at a given distance; for example, 
1,950 miles from Georgetown. Later a 
further report states that as a result of 
reports received from various observa- 
tories through ‘‘Science Service,’’ ex- 
perts of the Coast and Geodetic Survey 
locate the earthquake which occurred at 
9:49 P. M., at latitude 12° north, longi- 
tude 89° west, or just off the coast of 
Salvador, Central America. Remember 
that this is done, usually, within twenty- 
four hours after the earthquake occurs, 
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and that it could be done in a few hoy, 
if it were not for communication dela, 
Even if we know that an instry; 
called the seismograph makes a re 
called the seismogram, the matter 
remains rather mysterious. 

It is not easy to explain this, even wit 
diagrams, and without them it is s 
more difficult, but I hope that by 
ing comparisons from time to time wit) 
more familiar things I may be ab) 
give you some picture of the process | 
which an earthquake is located. Man: 
of you know that pendulum clocks some 
times stop during an earthquake, w! 
others nearby keep running, but wit! 
changed rate, and that bells ring 
near enough to the center of distur! 
ance. In both cases it is becaus 
support moves and the clock pendulw 
and bell clapper, since they are pendu 
lums, take a different motion from tha 
of their own support. The instrument 
known as the seismograph is based on 
the simple pendulum, though in a mod 
fied form, for scientific reasons. Wit] 
out going into detail, a type of pendu 
lum is so delicately balanced that i 
support is shaken, even to an extent im 
perceptible to our senses, by waves con 
ing through the earth, the motion will 
be recorded. It will be different from 
that of the earth, and yet, with good 
struments, will have a definite relat 
to the earth’s motion, which can b 
duced by mathematics. In practice, a 
pointer connected with the pendulum 
moves back and forth on a sheet of 
paper covered with lamp-black so 
a trace is left somewhat resembling that 
of a pencil on paper, but much finer and 
more clear cut. The smoker paper is on 
a revolving drum turned by clockwork 
When there is no earthquake or oth 
disturbance the pointer makes a straight 
line, and other mechanism makes a mark 
every minute. This makes it possible t 
note and measure the exact instant tha 
the pointer departs from the line. 
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an earthquake OCCUTS, tiv 


starts swinging back and forth, 
nee the paper Is moving, If makes 
ec hiel looks sSOmMmeW ha IKe 
ot waves coming nh at the sea 


Every one has noticed that sea 
differ in height, with now and 
verv large one, and some time 
these ver small ones The 
ng Vall mm the 
i papel record, whic IS KNOWN AS 
smogram The time between thi 
successive crests of sea 
he period of thi 
rm 1s 
oTram 
finds an earthquake record 
smogram, N e first jog 
varture Ol } pointe! Irom Thi 
t line and measures the time 
as the waves keep coming in, he 
KS Tor places wrere I : Chane hh 
ent or period, and notes these times 
in mind, then, that we can get from Let us loo 
seismogram the time of arrival of the Many a schooll 
first wave from an earthquake and also a problem lik 
time that different types of waves unknown point 
rrive, since the pointer shows’ the stant speed 
anges In the wave motion which is _ train, 
rriving through the earth. passes at 
Some of the best seismographs have traveling 
otographic recording, but the prinei passes at 
le is the same, though the record ean show that . 
he seen till developed. and that the 
You know what happens when a stone may ask how 
s thrown into a pond. Waves go out in travel of th 
‘oneentrie circles and spread till they tained from 
reach the edge of the pond In the case earthquake, 
of the earth, which is a solid, the impor and when the earthquake occurred 
tant difference is that three different out using tl 


ypes of Waves, instead ot only one, go de} eonsicde ratiol (‘olleetion 


when there is a disturbance. Sup- data from a large number of © 


that an earthquake oceurs near theoretical studies makes it ] 
Three main“sets of waves go work out the necessary tables 
Considering the waves that arrive Now sup Post 
Washington, the first and second take tanee ot the eart! 
lirect path through the earth, pass- tions. How ea 
bout 1,400 miles below Mt. MeKin The first thing is to know 
\laska, where they are at the great- distances are correct. We assum 
pth below the surface. The second if the time of occurrence of the 
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quake is approximately the same as fig- 


ured from all three records, we may 


accept the distances as given. The next 
step Is to take a globe such as is used in 
teaching geography in schools and mark 
off ona tape every hundred miles or kilo 
the elobe. Sup 


meters to the seale of 


have an earthquake 1.950 
Washington 
zero ot the tape at Washington and note 


the We 


can swing a complete cirele, but this is 


that we 


po swe 


miles trom 


where 1.950 mile mark comes. 


not usually necessary because we nearly 


always know at what place on the circle 


earthquakes are likely to oceur If a 


eircle from another station crosses in 
this same region, the approximate loca- 
third 
the 


know 


Then we swing a 


and if 


tion is fixed 


circle from another station 


circles intersect in a point we 


where the earthquake occurred. Usu- 
ally, for various reasons, the circles do 
not intersect in a point and then we plot 
still 
finally select the most probable point. 


If we 


distances from other stations and 

There is another consideration. 
try to locate an earthquake in the Pacific 
Ocean north of Australia, from stations 
in the eastern United States, we will get 


a line for the earthquake and not a 
point. As an illustration, 
try to locate on a map a point 120 miles 
from Washington, 120.1 from Rockville, 
Maryland, and 120.2 from Alexandria, 
but if we 


suppose we 


Virginia, we get only a line; 
add that the point is thirty miles from 
Philadelphia, we arrive at once at a defi- 
nite point. In other words, the cireles 
should intersect at as large an angle as 
possible 

If we have reports from a number of 
well-placed stations, any earthquake suf- 
ficiently severe to be recorded at them 
ean be The method that 
been deseribed is used, though of course 
with certain mathematical adjustments, 
in the final location of the earthquakes. 
Such final locations are published, after 
several years, by the Dominion Observa- 


located. has 


THE SCIENTIFIC 


We set the 


MONTHLY 


tory at Ottawa, C 


location, using 
throughout the ea " ; 
Seismological Bureau at 
France. The Coast and Geodet 


publishes preliminary detern 


all severe earthquakes oceurt 
United 
gions under its jurisdiction, « 
loeal 


These usually appear within s 
: pI 


corded in the states 


quent shakes in seve) 

atter the end of the 
The 

quakes is done in the 

being that 


quartel 
immediate location 

Same m 
only difference 
grams must be interpreted i 
the 


results sent in hy teleo 


(C‘oast and Geodetie survey 


possible, however. TO loeate 
quakes with satisfactory accul 
**Seienee Service’’ has mad 


to get reports tor a lara nul 


well-seattered observatories, ! 
those of the Jesuit 
With a large number of 
interpret 


Seismologi 
ciation. 
available difficulties in 
dividual records are not 

In addition to 


importa! 
satisfving leg 
publie curiosity, the loeation 
quakes is important for propert 
ers, insurance companies, engines 
Incidental to tl locat 
these earthquakes we 

the 


not 


others. 
about interior of the 
seems unreasonable 
future some of the ene rey that 
put into the exploration of the 
surface should go into the invest 
of its interior. 

Continued interest 


publie 
quake study is the one thing n 
make possible the solution of t 
lem involved. We ean not chang 
quakes, but just as we have don 
with many of the unchanged da) 
the sea by learning how to meet 
we can do away with most of eart 
destruction of life and prop 
knowing earthquakes. 





A BOTANICAL SHRINE 


By Professor JOSEPH CHARLES ARTHUR 


+ 


e selentifie world respects ( 
Linnaeus, the father of botany 

S aecorded to be a great man du tany, 

s lifetime, not only by scholarly —medicin 

S and societies all over the world. ogy and 
potentates and the ruling ¢lass the great bulk o 


1 


S buried in the ancient cathedral world’s knowledge 
psala. and a monument erected to stands out mor 
mory. His death was regarded in — substitution o1 
n aS a national calamity. The binomial method o ming 
le University of Upsala, of which | other natural history objects 
s rector for some years, went viously prevalent met 
ing, and King Gustav in his an seau ¢] 


| address to parliament lamented his Lui 
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Linnés Hammarby 








HAMMARBY RESTORED TO 


\ 


RARNS 


juration of hobgoblings.’’ His career 
ended at the time the United States be 


When 


general 


independent nation. 
1753, 
form of his 
Both 


name have continued in use. 


came an 
knighted in following a 


eustom, the name Was 


changed to Linné. forms of the 
So much, 
with much more, is common knowledge. 

With Dr. F. D. Kern, I visited Upsala 
during August, 1925, to 
exceedingly modern problems in botany 


discuss some 
and with only a mild academic interest 
in the man who lived there over a hun 
dred and fifty years ago. But we found 
the very atmosphere of the place satu- 
rated with the memory of one of Swe- 
den’s greatest characters, and the most 
distinguished son of this renowned seat 
We were taken to the old 
hundred 


of learning. 
Botanic 
even when Linnaeus became its director. 
and is main 


Garden, a years old 


It is on the Linnégatan 


tained by the city as near as possible in 


APPEAR AS IN 


LINNAEUS’S TIMI 


OPPOSITE, 


the condition it was when Linn: 


in charge, even to the same 


plants. One of the buildings 
mementoes and interesting object 
Any 


wise, would be 
As a botanie garden or public 


time. person, botanist o1 


charmed wit! 

would, in faet, do eredit to man) 
Amerieéa. The rhe 
tanie Garden is some distance aw 


versity city in 


larger and with substantia! 

buildings. We were shown the L 
memorials in the cathedral, a sn 
barium prepared by Linnaeus, th 
part of his original herbarium | 
other 


London, and rem 


man. 


many 
the great Having complet 
botanical discussion and take 

survey of the interesting features 
historical center of Sweden, and 
last five hundred years or more 1 
of its intellectual life, we sig 


readiness to depart. 
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Was Ol spot Ih 


Dr. Juel, urged ought no 


secing. Hammarby, the summet 


vHeus ¢ 


ara Packard 
wok us over a cCoUul 


Ted lands, {1 Plain armMmnouse 


ona rise ¢ hat perm 


PXTeNSIVE 


7 seen the Spot W Hie Ke pT IS DOOKS 


times the kings ol Swed 1} l | is nsects 


themselves before ( hh POSSESSION 


uphold thr laws London 


Linnaean homestead has been 1 Witl 
scrupulous care to its former when 
The structures are plain and rene! 
as might be expected upon a farm weat 
at time belonging to a family nevel Was 
supplied with cash. The rooms con 
beside much furniture of the old hearers outsid 
surprisingly large number of — scholars 


rs, memorials, paintings, busts, over thi 


Ss manuscripts and oth l obj cts pel At one 
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Prince, afterward King Gustav, and at 
another my lord Baltimore of American 
fame. One of his hearers has recorded 
that ‘‘seience streamed with peculiar 
ple asantness from his lips; he spoke with 
a conviction and perspicacity which his 
deep penetration and ardent zeal im 
parted to him; and it was impossible to 
hear him without attention, and without 
participating in his enthusiasm.’ This 
peculiar fascination still lingers about 
the place. Botanical societies hold meet 


Ings here. and botanical pilgrimage S art 


numerous. It has becom: 


shrine, where homage is 


memory of the father ot 


descended the hill in a pens 


the wild garden, now er 
trees, many dating from L 
we were served cakes and 
the history of the pla 
Reaching our automobile, 
into botany ’s early days e 
modern world again ¢] 


tion. 


) 


( 





FUNDAMENTALISM 


By Dr. PRESTON SLOSSON 


Gop of the star-swarm and the sou 
The conscious Will that mad 
Krom ether drift and cosmie « 


Sueh is the Cit d we know an | 


Our partial pictures of the Whol 
Our demigods from heaven hurled 
Our idols in their chapel nooks 


oul vods ot ston or wood or DOOKS 


Forgive them all! We are but 
Our thoughts must go a home! 
We build as children in the 


Our frail theologies of clay 


Children will grow More wisel 


Our race will tread a steeper road, 


Lifting our thoughts from earthly 
From Threshold to the Threne of Gi 


No sin it is for childhood ’s mind 
To lift a candle as the sun 
The great is imaged in the 


Better than never seen at 


But this is sin: To choose to 
The sight to light that men hay 
Deny the truth that has been 
Fetter the Godward searching 
Creation ’s magic Is too great 
They fear to view it open-eyed 
They wish the world a smaller 1] 
Eternity a shorter space 

Their fear is swiftly turned to hate 
Truth dreaded soon is truth denied 
They call on Caesar to resist 


; 


(Giod’s fearless saint. the selentis 
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ARLI 
Mare] 1] 
th ‘ 
regarded 
mathemat 
vears old ha 
Paris, July 24, 1856, 
"y 


\ 


permanet secret 
emy of Sclences s 
»s elected as 
UX In 1899 
es at Clark 1 
lopment during a century of some 


IversitV Oo 


mdamental theories in mathematical 


l 
! ilysis, and in L904 he lectured, before 
e section of algebra and analysis at the 
St. Louis International Congress of Arts 
and Seiences, on the deve lopm« nt ot 
mathematical analysis and its relation to He has on 
certain other sciences While these lee tention to 


nistoryv of screnes 


tures had a historical 
ibited also new wavs hich sciene unreliability ot 
tends to develop, and the last one em statements 

phasized the relations existine between however, that 


analysis, geometry, mechanics and mat! paid to tl 
ematical physics All of them were com courses 
bined and appeared in 1905 in the form 


la book ol 167 pages 


During the latter visit to the United 


Sates he, together wit Henri Poinearé, 
went to the Pacific (‘oast. and he is exhibited 
thus become personally acquainted with now associ: 
considerable number of American men erature wit 
or selence, but he is probably best known Ve lopm nts 
to American mathematicians and physi partly int 
cists on account of his ‘* Traité d’Anal known mat! 
Vs which has ror many yvears been Theorem 
regarded as one of the best text-books Giroup. Pilea 
the student who is just beginning his Integrals 
luate work in mathematics, and it is large number 
ttractively written that the late Felix 
n, in his ‘* Elementarmathematik’”’ 
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tional Academy of Sciences of th 
d States, and as an h morary mem 

the American Acad my ot Arts 
Boston In 1910 he was 


nt mb 4 


sciences, 
d an honorary 
Philosop ical society, 


Phila 


ean 


SERVICE AND GERMAN SCIENTIFIC 


INTERNATIONAL EXCHANGE 
INVESTIGATION 


Yr economic 
ie World 


| as 


Investigation ha 


i result of the distressi 
tions in Germany since 
War, German scientific 
en seriously hampered 
Institution of Washington, D. ¢ 


Ser 


The Smithson 


i! 
through its International Exchang: 
ce, has undertaken to aid in every 
possible was the re-establishment o 
Ivity, the cessation 


I (rer 


an scientific act ot 
vhich would be a loss not only to the 
German people, but to the whole world 
ls of publications gat] 


Many thousand 
ered by various 


American organiza 
tions have been t rwarded To Germanys 


through the Smithsonian Exchange Ser 
ce since the close of the war By lar 
the largest and most important of these 


sendings has recently been received in 
Germany It consisted of a colleeticn 


of American periodicals, 
61 large boxes It 


weighing 13,000 


pounds, packed in 
was received by the Smithsonian Institi 
tion from the Library of Congress and 

the International Ex 


Amerika-Institut 
in Berlin, an establishment organized to 


het wer 


forwarded through 
change Service te the 


promote the cultural relations 
Germany and the United States and 
also to conduct the German Exchang 
Agency. 
The Amerika-Institut was 

danger of being compelled to sus) 
operations at the close of the war 
‘ount of lack of funds, but fortu 


tely the Smithsonian Institution su 
ded in procuring sufficient financial 
Institute to carry 

exchange work for a period of twe 


to enable that 
and home 
"WeNtISTS evervv 


again able t 


irs, after which it was 
ach othe Ss 


intain itself 
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FORMED DURING TH 

AND PHOTOGRAPHED BY 
SEMBLES THE ONE SHOW) 

the eause of knowledge is advanced ae 

cordingly. It is largely through this ex 

change service that the Smithsonian In 

stitution is known in every corner of the 


world where scientists foregather. 


AROUND THE WORLD IN 


SEVERAL correspondents have written 
“oncerning the article by Dr. Charles 
H. T. Townsend, printed in the last 
month’s issue of TH SCIENTIFI: 
Montuty. Mr. H. V. Haight 

m Sherbrooke. Quebec 

he article in your April 
the World in a Daylight 


writes 


issue 


Around 


Day’’ by Dr. Townsend was most In 








; 


course of a vear there 


During the 


through the Smithsonian Exchange Se1 


vice a total of nearly 500.000 package 


es 
considerably 


which contain 
1.000.000 publieat 


more 


ons 


TWENTY-FOUR HOURS 


teresting and 


further spec 
mediate POSSIDI 
the eff 

lle 
dawn, 4+ A 


and flies wes 


iwnores 
the earth 


Starts at 


assumes that the aviatl 
day, 
the earth in 17 hours 


York at dusl g P 


returning 


M.. 





BOREALIS 


ol 


tOR 


TI 


Al 


F 


HED 


PHOTOGRAP 
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ARTHUR ROBERTSON 


be apparent that, flying faster 
an the advancing daylight, what 


uld happen would be that the aero 
would fly back into the night, 





ild encirele the earth in darkness and 

ist emerge into daylight again on Its 

rn to New York at 9 P. M Except 

ra short twilight at starting and on 

rning, the aviater would experience 

l hours of continuous darkness (7 hours 

the night before, 17 hours while flying 
7 hours the next night 

lf this supposed aeroplane were flown 


le slower, to encirele the earth in 


4 urs, and started at dawn, the whole y ' the possibil 


} 


would be made at dawn, follow t on the 50th parallel 


ng the morning around the world. It ane some 3,500 mile 
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than on the 40th parallel, and yet where ef an aeroplane 

the country is nearly all nhabited down to ! 

According t the Enevelopedia Amer It Improvements 

Ivana, the length ot a degree ot long) would make 11 possibl 

tude at the 50th parallel of latitude is at 400 miles per hour 

$4.35 English miles, whieh makes the power oil engine, the fu 

distance around the earth 15,966 miles would be 250 pounds per 

To fiv aro urs would require age 

lo fh iround in H hours ag me pounds tor the LO hours re 

‘ ‘ ‘race v5 | “actic: y 290 Ss 

in averag speed Or practi on , Tri lit cirele the earth on the 

per hour, or a little over 50 per cent mm 
The distance across the 


above the present maximum speed of ? oa 
| ' Cornwall to Newfoundland 


an aeroplane nnn ’ 
: , és miles, and such an a 
A fuel which presents possibilities for tte 
erTross In » nours. Witl 


fuel 


If a fly ean go 800 miles an 


this service is heavy oil. Already the 


+ 


l'nited States Government is testing an 


experimental 100 horse power oil engine 
for aeroplane service. The oil consump out replenishing its fuel supp 
tion of solid injection oil engines as used does not appear unreasonabl 
in the oil-electric locomotive is about 45 aeroplane should go 400 miles 


it With a fuel supply that wo 


pounds per horse power hour, and 
is to be hoped that the fuel consumption quate for a 900 horse 


| \ ’ 
powe 





